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PESTICIDES IN PEOPLE 


Epidemiology of Organochlorine Insecticides in the Adipose Tissue of Israelis ' 


M. Wassermann,” L. Tomatis,* Dora Wassermann,” N. E. Day,* Y. Groner,? S. Lazarovici,” Deborah Rosenfeld * 


ABSTRACT 


This paper reports the findings obtained in 1967-71 during 
an investigation of organochlorine insecticides (OCI) storage 
in the adipose tissue of Israelis. 


Specimens of adipose tissue (307) collected during autopsy 
from Israelis who had no known occupational exposure to 
organochlorine insecticides were analyzed by the gas chro- 
matographic method for organochlorine insecticides (DD7- 
derived material; alpha, beta, and gamma isomers of BHC, 
dieldrin, and heptachlor epoxide). 


Findings indicate a positive age association for DDT-derived 
material stored in the adipose tissue of Israelis of both sexes. 
Males generally were found to store higher amounts of 
p,p’-DDT and total DDT than females. 


Comparison of adipose tissue from stillborns with tissue 
from infants showed that DDT increased in the first months 
of postnatal life, but storage levels of BHC, dieldrin, and 
heptachlor epoxide remained approximately the same. DDT 
levels continued to rise with age levels, except for a slight 
decrease in the 24-through-44-vear-olds. The highest levels 
of DDT were found in the age group of 70 and over; sec- 
ond highest were among 45-to-69-year-olds. These findings 
in Israel differ from the authors’ earlier findings in South 
Africa, Thailand, Nigeria, and Brazil, which revealed the 
highest concentrations of OCI in the 24-through-44-vear- 
olds. 


' This research study was supported by the U.S. Department of Health, 
Education and Welfare, Public Health Service, National Communi- 
cable Disease Center, Atlanta, Ga., Research Grant No. BSS-CDC- 
IS-9, and by an agreement of the World Health Organization—Inter- 
national Agency for Research on Cancer. 

2 Department of Occupational Health, Hebrew University—Hadassah 
Medical School, Jerusalem, Israel. 

% World Health Organization—International Agency for Research on 
Cancer, Lyon, France. 
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A positive age association with DDT storage in all ages 
was observed in 1965 and 1967 surveys by the authors in 
people from Kenya and Israel, and by Davies and Milby 
in the nonwhite population of the USA. 


In the countries studied, the storage level of DDT and de- 
rived material increases with age in the general population 
up to the age of 45, and either rises or falls after 45 years, 
depending on the country. This leads the authors to the 
opinion that the age group of 25 through 44 years may be 
the most suitable indicator of DDT storage levels in a 
community. 


A positive relationship between p,p-DDT and dieldrin stor- 
age was also noted. 


Introduction 


The presence of DDT and its metabolite DDE in the 
adipose tissue of the population of Israel was first dem- 
onstrated in a study carried out by Wassermann et al. 
(/) in 1963-64. They revealed that these chemicals were 
stored in the adipose tissue of people who had no known 
occupational exposure to the chemicals and suggested 
that the DDT storage process is influenced by individual 
factors such as sex and age. 


A further study carried out by the same investigators in 
1965-66 (2) ascertained that Israelis over 10 years of 
age stored higher amounts of DDT-derived material 
than did those under 10 years of age. Males over 10 
stored higher amounts of DDT-derived materials than 
did females. 


A study by Polishuk, Wassermann, et al. (3) on pregnant 
Israeli women indicated less storage of DDT-derived 





material, BHC isomers, and dieldrin than in nonpreg- 
nant women of the same age. The organochlorine in- 
secticides (OCI) found in the fat tissue of pregnant 
women were present also in the maternal and fetal 
blood in all cases studied. These findings suggested that, 
in pregnancy, the metabolism of organochlorine insec- 
ticides is enhanced and that they pass the placental 
barrier. 


Data published up to the mid-sixties on the storage of 
DDT-derived material in the adipose tissue of people 
from various countries affirmed the concept of organo- 
chlorine insecticides as “current constituents of the 
human body” (4). Other studies revealed the impact 
exerted on OCI storage in man by individual factors 
such as age, sex, 7nd race (/, 2, 5-1), by particular 
physiological states (3, /2), as well as by living and 
working conditions (7, /3). 


Concern for the potential hazard to human health by 
organochlorine insecticide accumulation in the body in- 
creased following reports that OCI are potent hepatic 
microsomal inducers which may quantitatively alter the 
response to various drugs and toxic compounds as well 
as to naturally occurring substances in the animal body. 
This may lead to alteration of homeostasis of biochem- 
ical (endocrine, immunologic, etc.) processes (3, 14-16). 
Experimental evidence of the capacity of OCI to increase 
tumor incidence in laboratory animals was also reported 
(17-19). 


Thus it became necessary to assess the size and trends 


of OCI storage in populations in general and to find 
which age group would be most useful for studying this 
storage phenomenon in various areas of the world. 


This paper reports the findings of a study of OCI storage 
in Israelis and compares the data to those obtained by 
the same investigators in various populations in Africa, 
Asia, and South America in the framework of a program 
launched by the World Health Organization Interna- 
tional Agency for Research on Cancer, Lyon, France. 


Methods and Materials 


A total of 307 samples of adipose tissue were collected 
from 1967 to 1969 during autopsy from the subcuta- 
neous fat of the abdominal wall of persons who had no 
known occupational exposure to pesticides. The distri- 
bution of samples according to age and sex is shown 
in Table 1. Samples of 1-2 g of adipose tissue were col- 
lected in jars containing 10% formalin. Specimens of 
500-mg adipose tissue were extracted three times with 
a total of 20 ml of petrol ether and cleaned by means 
of a Kontes Co-Distiller. The extract was reduced to 
0.5 cc, from which 5-20 yl were injected into a Micro- 
tek MT-220 gas chromatograph equipped with dual 
electron-capture detector and sirip chart recorder. A 


2 


6-ft U-shaped glass column packed with 5% QF-1 on 
60-80 mesh chromoport xxx and a 4-ft U-shaped glass 
column packed with 10% SE-30 on 60-80 mesh chro- 
moport xxx were used. A mixture of pure organochlorine 
insecticides was used as standard; the concentration of 
each compound was 0.1 ppm. Recovery was about 85% 
for the compounds identified in this study. The sensitivity 
of detection was 0.1 to 0.3 g/kg wet weight for these 
compounds. 


TABLE 1.—Distribution of human adipose tissue samples by 
age and sex of subject 





AGE FEMALES 





Stillborns 
0-11 months 
5-24 years 
25-44 years 
45-69 years 














Results and Discussion 


In 307 samples of adipose tissue collected from Israelis 
who had no known occupational exposure to organo- 
chlorine insecticides, gas-chromatographic analysis re- 
vealed the presence of DDT-derived material; alpha, 
beta, and gamma isomers of BHC; dieldrin; and hepta- 
chlor epoxide. 


It must be stressed that, as noted in previous studies 
(20-23), marked individual variations in storage levels 
were observed among individuals of the same sex and 
age group who were not occupationally exposed to 
OCI’s. Similar individual variations were observed in 
experimental animals kept in experimental conditions in 
which all were exposed to the same level of DDT (24). 


The broad spectrum of age groups and the relatively 
large number of cases investigated in this study enable 
us to follow up the dynamics of OCI storage in this 
population by age and sex. 


Concentration of OCI in the adipose tissue of the still- 
born group averaged: total DDT 0.7 ppm; total BHC 
0.04 ppm; dieldrin 0.02 ppm; and traces of heptachlor 
epoxide below 0.01 ppm, thus indicating the accumula- 
tion of these compounds during fetal life (Tables 2-4). 


The first months of life in the external environment led 
to an increased DDT storage. In the age group under 
11 months, total DDT averaged 5.8 ppm; the storage 
level of BHC, dieldrin, and heptachlor epoxide remained 
about the same as in stillborn. DDE averaged 51.7% 
of total DDT-derived material. The mean total p,p’-DDT 
was 5.7 ppm and the mean total o,p'-DDT was 0.09 
ppm. There was a significant difference in the storage 
of p,p’-DDT and total DDT between the stillborn and 
the 0-through-11-month age group (p < 0.01). 
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In the 5-through-24-year age group, the mean total 
DDT was 15.2 ppm. DDE averaged 67.8% of total 
DDT-derived material. The mean total p,p’-DDT was 
15.01 ppm and the mean total o,p'-DDT was 0.2 ppm. 
There was a significant difference in the storage of 
p,p’-DDT and total DDT between the age group under 
11 months and the group 5 through 24 years (p < 0.01). 
Total BHC averaged 0.34 ppm, dieldrin 0.1 ppm, and 
heptachlor epoxide 0.02 ppm. 


In the 25-through-44-year age group, total DDT aver- 
aged 14.4 ppm. DDE constituted 65.6% of total DDT. 
The mean total p,p’-DDT was 14.2 ppm, and o,p'-DDT 
was 0.25 ppm. Total BHC was 0.47 ppm, dieldrin was 
0.12 ppm, and heptachlor epoxide was 0.01 ppm. 


In the 45-through-69-year age group, the mean total 
DDT was 17.3 ppm. DDE constituted 60.7% of total 
DDT. The mean total p,p’-DDT was 16.9 ppm, and 
that of o,p'-DDT was 0.37 ppm. Total BHC was 0.53 
ppm, dieldrin was 0.16 ppm, and heptachlor epoxide 
was 0.02 ppm. 


In the group aged 70 years and over, the mean total 
DDT-derived material was 18.7 ppm. DDE constituted 
59.8% of total DDT. The mean total p,p’-DDT was 
18.5 ppm and total o,p'-DDT was 0.26 ppm. Total BHC 
was 0.5 ppm, dieldrin was 0.14 ppm, and heptachlor 
epoxide was 0.01 ppm. 


From these data it was concluded that the storage level 
of DDT and derived material increased with age, the 
highest values being found in the 70-year-and-over age 
group. 


Tables 3 and 4 also showed that males stored higher 
amounts of p,p’-DDT and total DDT in all the age 
groups, except the 0-through-11-month age group in 
which the DDT storage levels were of about the same 
order: 5.34 ppm total DDT in males and 5.82 ppm 
total DDT in females. 


The authors found the trend for a positive age associa- 
tion of DDT storage in populations living in various 
areas of the world. In the general populations of South 
Africa (25), Thailand (23), Nigeria (22), and Brazil (20), 
the 25-through-44-year age group stored the highest 
amount of OCI in both sexes, after which there was a 
decrease in the storage level. In the general population 
of Uganda, the storage level of DDT was comparable 
in the 5-through-24- and 25-through-44-year age groups 
(26). 


In the general populations of Kenya (2/), Israel (2, and 
this paper), and nonwhite populations of the USA (8), 
it appears that a positive age association with DDT 
storage occurs in all ages. 


These data suggest that the level of the OCI storage 
process tends to vary after the age of 45 years; in some 


6 


populations it is higher and in others it is lower than in 
the 25-through-44-year age group. It appears reasonable, 
therefore, to consider the 25-through-44-year age group 
the best indicator of OCI storage in a community for 
purposes of comparison (Table 5). 


TABLE 5.—Storage of DDT-derived material in adipose 
tissue of 25-through-44-years-olds in several countries 





TotaL DDT, ppm 
M&F 


CouNTRY 





REFERENCES 


MALES’ FEMALES 





Uganda 
Kenya 
Nigeria 
Brazil 
South Africa 
White 
Bantu 
Thailand 
Israel 


Wassermann et al. (26) 
Wassermann et al. (2/) 
Wassermann et al. (22) 
Wassermann et al. (20) 
Wassermann et al. (25) 


DALAD 


os 
BASS C2) 


—_ 
CADW 


Wassermann et al. (23) 
This paper. 











In the study carried out on OCI storage in the adipose 
tissue of people from Nigeria (22), a positive age asso- 
ciation up to the age of 45 years was found both for 
DDT and dieldrin. These findings confirmed experi- 
mental data the authors had obtained in rats submitted 
to a high dosage of p,p’-DDT: namely, a parallel in- 
crease in the storage of dieldrin, although these animals 
had not received additional dieldrin apart from that 
naturally in food and water (27). In the present study, 
authors compared the concentration of dieldrin in the 
adipose tissue of people having: (1) high concentration of 
p.p’-DDT, and (2) low concentration of p,p’-DDT. 


The statistical analysis revealed increased storage of 
dieldrin (p < 0.01) in the group with a higher concen- 
tration of p,p’-DDT. 


These findings may be explained by a biochemical inter- 
relationship of the two compounds in the animal body: 
the presence of a large amount of DDT interfering with 
the detoxication of dieldrin resulting in its accumulation 
in adipose tissue. 
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RESIDUES IN FOOD AND FEED 


Polychlorinated Biphenyl a: d Organochlorine Pesticide Residues 
in Canadian Chicken Eggs‘ 


Jos Mes, D. E. Coffin, and D. Campbell 


ABSTRACT 

A nationwide survey in Canada of polychlorinated biphenyl 
(PCB) and organochlorine pesticide residues in eggs revealed 
an average of less than 10 ppb for both groups of compounds. 
PCB’s and p,p’-DDE were found in all samples; at least 
95 percent also contained dieldrin and p,p'-DDT. Lindane 
and cis- and trans-chlordane were present in 75 percent of 
all eggs. No significant differences were observed among the 
different regions of the country. 


Introduction 


The presence of polychlorinated biphenyls in the envi- 
ronment in general and the food supply in particular 
has been a growing concern for several years (/,2). A 
recent incident of PCB contamination (0.6-1.9 ppm) of 
thousands of eggs in the United States, due to contami- 
nated poultry feed, is evidence of this environmental 
problem (3). A nationwide survey of PCB’s in domestic 
chicken eggs in Canada was therefore undertaken; initial 
samples were collected in 1971. 


The analytical data presented in this paper were obtained 
from the liquid portion of the egg only. This paper pre- 
sents data on PCB’s and several organochlorine pesti- 
cides. 


Sampling Procedure 


Twenty dozen grade A eggs were collected from each of 
the following five regions of the country: Eastern (New- 
foundland, Prince Edward Island, Nova Scotia, and New 


' Health Protection Branch of the Department of National Health 
and Welfare, Tunney’s Pasture, Ottawa, Canada. 


Brunswick); Quebec; Ontario; Central (Manitoba and 
Saskatchewan); and Western (Alberta and British Co- 
lumbia). 


The stipulation was that all eggs from a specific region 
be produced locally. The eggs were stored at 8°C until 
analyzed. 


Analytical Methods 


All solvents were of a glass-distilled, residue-free grade, 
and were checked for purity. Pesticides and decachloro- 
biphenyl standards were 99 percent pure as verified by 
gas chromatography (GC). Aroclor 1260 was used as 
supplied by the manufacturer, Monsanto Chemical Com- 
pany. 


EXTRACTION 


The liquid content of 12 eggs was pooled and stirred 
with a glass rod until thoroughly mixed. A 50-g sample 
was extracted for 3 min in a soil dispersion mixer (Star 
Manufacturing Co., St. Louis, Mo.) with a 300-ml mix- 
ture of hexane and acetone (2:1 v/v), previously warmed 
to 40°C. The extract was filtered through prewashed 
anhydrous Na.SO, to remove the water, concentrated 
on an all-glass rotary evaporator (<25°C), and diluted 
up to 50 ml. A 1-ml aliquot was evaporated in a pre- 
weighed aluminum dish to determine lipid content. 


CLEANUP AND SEPARATION OF PCB’S AND 
PESTICIDES 


An aliquot equivalent to approximately 2 g of lipid was 
subjected to the low-temperature micro precipitation 
technique (4) and further cleaned on a 5 percent Florisil 
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column (deactivated with 5 percent distilled water after 
heating overnight at 140°C) (5). PCB’s and pesticides 
were partly separated on a silicic acid column according 
to Armour and Burke (6), except that the silicic acid 
was prewashed with the eluent used for the pesticides, 
heated overnight at 130°C, and deactivated with 5 
percent distilled water. A final cleanup for the pesti- 
cide fraction was carried out as before on a 5 percent 
Florisil column. 


IDENTIFICATION AND QUANTIFICATION 


The PCB fraction was concentrated to 1 ml; the pesti- 
cide fraction was carefully evaporated to dryness under 
a gentle stream of N. and redissolved in 1 ml of hexane. 
A 5-ul aliquot was injected into a Varian Aerograph 
Series 1400 gas chromatograph with an electron-capture 
detector (tritium foil) under the following conditions: 


Column: %-in.-by-6-ft glass, packed with 6 percent 
OV-210 + 4 percent SE-30 on Chromosorb 
W(AW) 60/80 (0.6 g OV-210 + 0.4 g SE-30 
+ 10 g solid support) 


Temperatures: Injector 220°C 
Column 212°C 
Detector 225°C 


To give a retention time of 13 min for p,p’-DDT an 
approximate flow rate of 50 ml N./min was used. 
Standard solutions were made up to contain 50x10 
pg/pl of Aroclor 1260 (5 pl were equivalent to a 
2 (full-scale deflection) (FSD) for the highest peak on 


a l-mV recorder) or 0.5-5.0x10-° yg/pl of pesticide, 
depending upon the individual response of the pesti- 
cide (e.g., 5x10-° g/l of p,p’-DDT). A 10-pl aliquot 
of the standard pesticide solution had a % FSD for 
p.p’-DT. 


A 5-pl injection of standard solution was made before 
and after every two sample injections. 


PCB’s and pesticides were quantitated by using peak- 
heights. Peaks 8, 10, and 11-15 in Aroclor 1260, accord- 
ing to the numbering system of Reynolds (7) and the 
Organization for Economic Cooperation and Develop- 
ment (O.E.C.D.) (8), were used for quantification. 


CONFIRMATION OF PCB’S 


The PCB fractions of 64 samples were pooled to give 
a total of approximately 13 yg of PCB. 


Thin-layer chromatography (TLC) was carried out on 
precoated aluminum oxide (type E) F.;, 20-by-20-cm 
plates (Brinkman Instruments, Ltd., Canada), activated 
at 110°C for 1 hr. A total of 2.5 wg of PCB from the 
pooled sample was spotted at a concentration of 0.25 
peg/spot; two reference spots of Aroclor 1260 at 2.5 
fg/spot were applied at each end of the line of origin. 
The TLC plate was developed in 1 percent acetone in 
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hexane and the reference spots were made visible with 
AgNO, (9). The standard Aroclor 1260 showed two 
spots and the corresponding areas of the sample, as 
well as a blank, were scraped, eluted with hexane, and 
gas-chromatographed as above. 


A portion of the pooled sample of PCB equivalent to 
1 yg of PCB was perchlorinated and the resultant deriv- 
ative was identified by GC according to Berg et al. (10), 
except that a Griffin-Worden pressure vessel (Kontes 
Glass Co. k-767100) was used for perchlorination. 


CONFIRMATION OF PESTICIDES 


All pesticide fractions, besides having been gas-chro- 
matographed as before, were also run on a different 
column under the following conditions: 


Column: %-in.-by-6-ft glass, packed with 5 percent 
QF-1 on Chromosorb W(AW) 60/80 (0.5 g 
QF-1 + 10 g solid support) 


Temperatures: Injector 208°C 
Column 175°C 
Detector 229°C 


To give a retention iime of 26 min for p,p’-DDT, a flow 
rate of approximately 40 ml N./min was used. 


The pesticide fractions of every other 10 samples were 
pooled and chromatographed on TLC plates as above. 
The five pooled samples were spotted at a concentration 
of 1.2-1.6 yg/spot of estimated pesticide; two reference 
spots of an appropriate standard pesticide mixture (2.5 
pug/spot for an individual pesticide) were applied at each 
end of the line of origin. After development and visuali- 
zation of the standards, the TLC plate was divided into 
five areas corresponding to the following pesticides, in 
order of increasing Ry value: 


. dieldrin, heptachlor epoxide, and lindane 

. cis- and trans-chlordane and p,p’-TDE 
p,p’-DDT 

. DDMU, o,p’-DDT, o,p’-DDE, and heptachlor 

. p,p’-DDE, aldrin 


Each area was then subdivided into six equal portions 
corresponding to the five pooled samples and a blank. 
Adsorbent from these portions was removed, and the 
pesticides were eluted with hexane and rechromato- 
graphed on both GC columns. 


CONTROLS 


Samples were spiked by adding | ppm and 1-10 ppb 
levels of Aroclor 1260 and pesticides to 50 g of whole 
liquid egg before extraction. 


At different times during the survey three blanks were 
run through the complete analytical procedure, starting 
with a simulated extraction using the same solvent mix- 
ture used for the egg samples. 





Results and Discussion 


Results in Table 1 indicate that the mean level of all 
residues was below 10 ppb. A PCB and pesticide prob- 
lem in eggs on the Canadian market apparently does 
not exist. 


TABLE 1.—PCB and pesticide residues in whole liquid 
Canadian chicken eggs 





PERCENTAGE 
OF 
SAMPLES 
CONTAINING 

RESIDUES 


100 
15 
67 
70 

100 
96 
98 
78 
81 


MAXIMUM 
AVERAGE PPB 
COMPOUND PPB} OBSERVED 


PCB’s as Aroclor 1260 
Lindane 

Heptachlor 
Heptachlor epoxide 
p,p’-DDE 

Dieldrin 

p,p’-DDT 
trans-Chlordane 
cis-Chlordane 














NU ~~) = Nw oO 





1 Average derived from a total of 100 samples, each sample representing 
one dozen eggs. 

The maximum PCB residue was close to 0.03 ppm and 
the maximum total DDT level (sum of p,p’-DDT and 
p.p’-DDE levels) was close to 0.3 ppm, although the 
latter represents a single instance of high p,p’-DDT and 
p,p’-DDE levels in the same sample. The second-highest 
total DDT value was 0.07 ppm. 


The low levels found in this investigation ought not to 
be taken as absolute, since recovery studies for eight 
different egg samples ranged from 25 to 115 percent at 
the 1-10 ppb level. PCB’s, p,p’-DDT and p,p’-DDE, 
however, had better than 50 percent recovery at all 
times. Egg samples spiked at the 1 ppm level had >80 
percent recovery, except for lindane which had 60 per- 
cent recovery. The blanks gave no significant findings. 


The low level of p,p’-DDT and p,p’-DDE in chicken 
eggs may reflect low pesticide intake by the chickens, 
since eggs are an important elimination route for these 
pesticides (77). 


Table 2 shows a rather even distribution of PCB’s and 
pesticides. The mean levels of p,p’-DDT in the Western 
and Eastern regions were relatively higher than in the 
rest of the country only because of one or two indi- 
vidual high values. 


The GC patterns of PCB’s in individual egg samples 
were similar to those of Aroclor 1260. During confirma- 
tion of PCB’s on TLC plates two distinct areas were 
observed which, when scraped and eluted, had two 
GC patterns consisting of the following Aroclor 1260 
peaks numbered according to the system of Reynolds 
(7) and O.E.C.D. (8): 


Fraction 2 

(Rp »-ppE 1.15) (Ry »-ppe 1.00) 
8,9,11,13,15,17,18 10,12,14,16 
10,16 9 


Fraction 1 


most of: 
some of: 
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TABLE 2.—Regional distribution of PCB and pesticide 
residues in Canadian chicken eggs 





AVERAGE PPB !:2 





EASTERN 


ONTARIO 
= GO me Co © = 0 | REGION 


COMPOUND 


PCB’s as Aroclor 1260 7 
Lindane trace 
Heptachlor trace 
Heptachlor epoxide 1 
p,p’-DDE 9 
Dieldrin 2 
p.p’-DDT 12 
trans-Chlordane trace 
cis-Chlordane trace 





— 


NON WS hu 
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“— 
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1 Average derived from a total of 20 samples from each region; each 
sample represents one dozen eggs. 

* Trace = <1 ppb. 

The combination of both fractions gave a GC pattern 

quite similar to Aroclor 1260, except for peak 10 which 

was considerably higher. The latter may be an indica- 

tion of the presence of Aroclor 1254, but no attempt 

was made to correct for it. 


All pesticides reported in the tables were confirmed by 
TLC as described, including chlordanes whose presence 
in eggs has been reported earlier (J2). Although 
o,p'-DDT was suspected in several samples and had 
been previously reported in eggs (/2), this pesticide 
could not be confirmed by the TLC procedure. Traces 
(<1 ppb) of p,p’-TDE were also observed but not con- 
firmed. Peaks similar in retention time to aldrin were 
occasionally found, but could not be confirmed on QF-1. 


The average lipid content for whole liquid egg obtained 
with the hexane/acetone extraction was 10.93 percent 
+ 1.05. Data in Tables 1 and 2 may be converted to ppb 
on a lipid basis by using a factor of approximately 9. 
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RESIDUES IN FISH, WILDLIFE, 
AND ESTUARIES 


DDT Plus PCB’s in Blubber of Harbor Seals 


Raymond E. Anas ' 


ABSTRACT 


Samples of blubber from 13 harbor seals (Phoca vitulina 
richardii) were collecied in 1971 from San Miguel Island, 
Calif.; the Columbia River, Oreg.; Puget Sound. Wash.; 
and the Pribilof Islands, Alaska. Total amounts of DDT 
plus PCB’s ranged from 380.7 to 2,350.0 ppm in five San 
Miguel Island seals; 459.4 to 1,620.0 ppm in two Puget 
Sound seals; 27.7 to 109.9 ppm in three Columbia River 
seals; and 6.8 to 27.8 ppm in three Pribilof Islands seals. 
There was no indication of loss of total DDT plus PCB's in 
three samples reanalyzed after 2 vears in frozen storage. 


Introduction 


Organochlorine pesticides have been found in seals in 
widespread parts of the world (/,2), but few data have 
been published on pesticides in harbor seals (Phoca 
vitulina richardii) from the eastern North Pacific Ocean. 
Up to 142 ppm DDE, 7.1 ppm DDD. and 2.6 ppm 
DDT were found in blubber from two harbor seals taken 
off central California (3). Up to 1,039 ppm total DDT 
and 145 ppm PCB's (polychlorinated biphenyls) were 
found in California sea lions (Zalophus californianus 
californianus) from San Miguel Island, Calif. (4), one 
of the areas sampled in this study. This report documents 
the amounts of DDT and its metabolites plus PCB’s in 
the blubber of 13 harbor seals (Phoca vitulina richardii) 
collected in 1971 from four areas of the eastern North 


' Northwest Fisheries Center, National Marine Fisheries Service, Na- 
tional Oceanic and Atmospheric Administration, 2725 Montlake 
Boulevard East, Seattle, Wash. 98112. 
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Pacific Ocean: San Miguel Island, Calif.; Columbia 
River, Oreg.; Puget Sound, Wash.; and the Pribilof 
Islands, Alaska. 


Harbor seals of the subspecies richardii are nonmigratory 
and occur in the eastern North Pacific Ocean from 
Mexico to the Bering Sea. If food species preyed on 
by the seals do not migrate far, these seals might be 
used to locate geographical areas where organochlorine 
hydrocarbon levels are high. Harbor seals living off 
British Columbia feed near shore on demersal fish 
and octopus, although some migratory Pacific salmon 
(Oncorhynchus sp.) are eaten seasonally (5). Harbor 
seals feeding off Amchitka Island, Alaska, eat Atka 
mackerel (Pleurogrammus monopterygius) and octopus 
(Octopus sp) (6). A study of harbor seals in Washington 
showed that cods, flounders, Pacific herring, and sculpins 
made up 93 percent of the total diet. Squid and 
octopus make up another 6 percent (7). Harbor seals ap- 
parently feed on both migratory and nonmigratory 
species. 


Sampling Procedures 


All seals appeared to be in good health at the time of 
collection, except one seal from Washington which had 
apparently died from a deep laceration from a previous 
injury. Samples were collected by taking about 100 
g of blubber from the belly area of each seal, near the 
midline and anterior to the mammaries. Blubber was 
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selected for this study because organochlorine com- 
pounds are lipophilic (/). Samples were placed in new 
glass bottles and shipped frozen to the testing laboratory, 
WARF Institute, Inc., Madison, Wis. 


Ages were estimated by counting layers of dentine in 
upper canine teeth (8,9). The error in assigning ages to 
harbor seals is not known. Body length was measured 
from the tip of the snout to the end of the tail, with the 
seal placed on its back. 


Analytical Procedures 


Samples of blubber were analyzed by gas-liquid 
chromatography for the following organochlorine com- 
pounds: aldrin, chlordane, endrin, heptachlor, hepta- 
chlor epoxide, methoxychlor, toxaphene, dieldrin, ben- 
zene hexachloride (BHC), PCB’s, and the o,p’ and p,p’ 
isomers of DDE, DDD, and DDT. Only BHC, PCB's, 
and the p,p’ isomers of DDE, DDD, and DDT were 
detected in 13 samples analyzed in 1971 and in 3 samples 
rerun in 1973. Confirmatory tests by use of thin-layer 
chromatography (/0) on the rerun samples confirmed 
DDE, DDD, DDT, and PCB's, but not BHC. Levels 
of BHC will not be reported because of the negative 
confirmatory test. 


To determine concentrations of the various organo- 
chlorine compounds, the entire 100-g sample of blubber 
was cut up while frozen, run through a hand food 
grinder, and transferred to ether-rinsed 4-oz glass jars. 
A random 5-g portion was placed in a tared 100-ml 
beaker and the weight was recorded. The sample was 
then dried at 40°C for 3 to 5 days, weighed for moisture 
content, and transferred to a 100-ml volumetric flask 
using petroleum ether. The blubber consisted almost 
entirely of fat and dissolved entirely in the petroleum 
ether. No weighable amounts of insolubles were found. 
Cleanup was carried out on a Florisil column following 
standard procedures (//). Next, the resulting solutions 
were concentrated to 10-15 ml and made to 25 ml 
with hexane. Sample solutions of 10 pl or less were 
injected into a Barber-Coleman Model 5360 gas chro- 
matograph with an Sr90 electron-capture detector and 
the following instrument conditions: 


Columns: 4-ft-by-4-mm glass packed with 5 percent DC-200 


on gas chrom Q 80/100 (packed with 3 percent 
OV-17 on gas chrom Q 100/120 for BHC). An 
OV-17 + QF-1 column was added in 1973. 


Detector 250°C; injector 230°C; column 210°C 
(180°C for BHC). 


Nitrogen at a flow rate that gave p,p’-DDT a re- 
tention time of 6-8. minutes (12-14 minutes for 
BHC). 


Temperature: 


Carrier gas: 


Peak heights were measured to quantitate organo- 
chlorine pesticide residues. Recovery rates ranged from 
80 to 90 percent for all organochlorine compounds. 
Recoveries were run through the entire procedure, 
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including the drying step. No corrections were made 
for recovery rates. The lower limits of detection were 
0.02 ppm for DDE, DDD, and DDT, and 0.05 ppm 
for PCB's. Pesticide levels were only slightly higher on 
a fat basis than on a wet-weight ‘basis, so results are 
reported here on a wet-weight basis only. 


Aroclor 1254 was used ag the standard for PCB’s. Only 
the peak between DDT and DDD was used for estima- 
tion of PCB's, so the values for PCB’s are not precise. 
Values for total DDT undoubtedly include some PCB's. 
To avoid possible errors, total DDT and PCB’s were 
summed.\ 


Because of high laboratory costs, only one sample was 
analyzed by the silicic acid method to separate DDT 
from PCB’s (/2). The blubber from this seal, a 176-cm 
male from San Miguel Island, had 2,110.0 ppm DDE, 
3.98 ppm DDD, 96.1 ppm DDT, and 572.0 ppm 
PCB’s. Total DDT plus PCB residues were 18 percent 
higher from the silicic acid method than were results 
from regular analyses. This difference is within the 
limits of analytical variability. 


Glass bottles used to store the samples had paper lid- 
liners. The amounts of organochlorine compounds found 
in a sample of unused lid-liners would have had a 
maximur® effect of 0.086 ppm total DDT plus PCB's. 
Because the additions, if they occurred, would have 
little effect on the observed values, data were not ad- 
justed. 


Results 


Levels of total DDT plus PCB’s ranged from 380.7 
to 2,350.0 ppm (geometric mean 610.7) in San Miguel 
Island seals, 459.4 to 1,620.0 ppm (geometric mean 


862.7) in Puget Sound seals, 27.7 to 109.9 ppm 
(geometric mean 62.5) in Columbia River seals, and 6.8 
to 27.8 ppm (geometric mean 11.3) in Pribilof Islands 
seals (Table 1). Geometric means were computed be- 
cause of the skewed distributions of the organochlorine 
compound residues. The organochlorine levels over- 
lapped in San Miguel Island and Puget Sound seals, and 
in Columbia River and Pribilof Islands seals. Levels in 
the Columbia River and Pribilof Islands seals did not 
overlap the levels in San Miguel Island and Puget Sound 
seals. A one-way analysis-of-variance test shows that 
the mean total DDT plus PCB levels differed signifi- 
cantly between areas (P<0.01). 


The Pribilof Islands are isolated from areas of high 
population and industrialization; the Columbia River 
drains large agricultural areas in Oregon, Washington, 
and Idaho; and San Miguel Island and Puget Sound 
are close to highly industrialized areas. Harbor seals 
taken near heavily populated and industrialized areas 
had the highest total DDT plus PCB levels, and seals 
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TABLE 1!.—Total DDT‘ plus PCB’s in blubber of harbor seals collected in 1971 





LOCATION MONTH 
COLLECTED 


TotaL DDT 4- PCB’s 
(MG/KG; WET WT) 
MOISTURE, 

% To GEOMETRIC INDIVIDUAL 
MEAN VALUES 








California: 


San Miguel Island 153-176 


Oregon: 


Columbia River May 112-126 


Washington: 
Puget Sound 


Alaska: 
Pribilof Islands August 2 135-175 














June-August 95-119 





610.7 380.7; 418.5; 435.5; 
518.3; 2,350.0 


96.2-100.0 27.7; 80.4; 109.9 
90.5-95.1 459.4; 1,620.0 


92.8-100.0 6.8; 7.1; 27.8 














1 DDE + DDD + DDT. 
2 Canine teeth lost. 


taken from the most isolated area, the Pribilof Islands, 
had the lowest levels. However, larger samples are 
needed to verify these results. Variability due to sex 
and age could not be evaluated for these data because 
of the small sample sizes. Maximum residue levels oc- 
curred in male seals in each area, but the oldest seals 
did not have the highest total DDT plus PCB levels 
within an area. 


After 2 years of frozen storage, two samples from 
San Miguel Island and one from the Pribilof Islands 
were reanalyzed. Total DDT plus PCB values were 
+18 percent, —16 percent, and —3 percent, respectively, 
of the original values. Results from the original and 
rerun samples are within the limits of analytical varia- 
bility and indicate no significant changes in residue 
levels. 
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Chlorinated Hydrocarbon and Mercury Residues in Woodcock 
in the United States, 1970-71 ' 


Donald R. Clark, Jr., and M. Anne Ross McLane 


ABSTRACT 


During late 1970 and early 1971, 229 woodcock (Philohela 
minor) were collected from 23 Eastern and Midwestern 
States. Analyses for chlorinated hydrocarbons and mercury 
in these migratory birds showed generally low levels which 
are not considered dangerous to human consumers. In this 
survey, Louisiana woodcock had lower. residues of hepta- 
chlor epoxide and DDE than those tested in a 1965 survey. 
PCB levels, however, may have increased. Mirex levels 
were greatest in Mississipi and Louisiana woodcock. 


Pooling of birds and averaging of individually analyzed 
birds did not provide equivalent estimates of equivalent 
residues; pool values tended to be larger and more variable. 
Levels of six chlorinated hydrocarbons and mercury were 
negatively correlated with the latitude of the collection site. 
However, this relationship seemed weakest for PCB's. 
Among eight chemical residues, PCB levels were most often 
correlated with levels of the other seven. Levels of chlori- 
nated hydrocarbons in wings were correlated with levels in 
breast muscle and in carcass; however, mean levels of cer- 
tain residues differed significantly among wing, muscle, and 
carcass even when compared on a lipid basis. 


Introduction 


From October 1970 to February 1971, 229 woodcock 
(Philohela minor) were collected for chemical analysis 
from 23 Eastern and Midwestern States. Survey objec- 
tives were to establish base residue levels of organochlo- 
rine insecticides, PCB’s, and mercury, and to determine 
the geographic distribution of mirex. Providing impetus 
for this survey was an earlier Canadian study (J) which 


‘ U.S. Dept. of Interior—Fish and Wildlife Service, Patuxent Wildlife 
Research Center, Laurel, Md. 20811. 
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effected the closing of the 1970 woodcock hunting 
season in New Brunswick, Ontario, Canada. At that 
time a series of 46 woodcock showed a range of 3 to 771 
ppm (lipid weight) DDT plus metabolites, with a 
weighted mean of 60 ppm. In a more comprehensive 
study in 1973, woodcock averaged 25.8 ppm (lipid 
weight) DDT and metabolites from 164 analyses of 527 
woodcock from New Brunswick (2). 


In the 1970-71 study of U.S. woodcock, data from 
analyses were summarized by contaminant and com- 
pared to residue levels reported elsewhere and to US. 
Government guideline levels for meat destined for hu- 
man consumption. Analytical findings were put to several 
other uses: pinpointing of the geographic distribution 
of woodcock containing mirex; comparison of data from 
pooled samples versus averages of individually analyzed 
birds; measurement of north—south geographic varia- 
tion in residue levels; determination of correlations of 
residues of various toxicants wtih one another; and 
quantification of the relationships of residue levels in 
wing versus breast muscle, and wing versus carcass. 


Analytical Methods 


Among the 23 States represented in this survey were 
localities as far north as Maine and as far south as 
Florida. Several Midwestern States were sampled, in- 
cluding Minnesota and Missouri. Table 1 lists specific 
States represented and the number of woodcock col- 
lected in given counties of each State. Sampling began 
in October in the Northern States and ended in February 
in the Southern States. 


15 





TABLE 1.—States and counties sampled for chlorinated hy- 
drocarbon and mercury residues in woodcock, 1970-71 





STATE CouNTY BIRDS COLLECTED 





Mobile 10 
Chicot 
Faulkner 
Grant 
Hempstead 
Alachua 
Marion 
Cherokee 
McCracken 
Ohio 
Iberville 
Pointe Coupee 
Hancock 
Penobscot 
Washington 
Calvert 
Dorchester 
Montgomery 
Worcester 
Mackinac 
Schoolcraft 
Minnesota Pine 
Mississippi Clay 

Leake 
Oktibbeha 
Callaway 
Merrimack 
Rockingham 
Strafford 
Unrecorded locality 
Atlantic 
Burlington 
Cape May 
Monmouth 
Morris 
Salem 
Jefferson 


Alabama 
Arkansas 


N 


Florida 


Georgia 
Kentucky 


Louisiana 


-— 
SN WCAr Ke NNUW FAL K US OPN N 


Maine 


Maryland 


Michigan 


S 


Missouri 
New Hampshire 


New Jersey 


New York 
St. Lawrence 
Johnston 

Pender 
Pennsylvania Berks 

Bradford 

Centre 

Erie 

Tioga 

Unrecorded locality 
Georgetown 
Lancaster 

Coffee 

Hardeman /Chester ! 
Haywood 
Lauderdale 

Essex /Caledonia ! 
Orleans 

Mason 

Portage 

Sauk 


North Carolina 


Ne UK RP ANWDWNkK BWNUWYWA KK VMN 


Rhode Island 
South Carolina 


nour 


Tennessee 


Vermont 


West Virginia 
Wisconsin 


RASH aBUNN= 








' Bordering counties: collection sites overlapped. 


Mercury analyses were performed on 222 of the 229 
birds and all 229 were analyzed for chlorinated hydro- 
carbons. One hundred of these birds were analyzed in 
five bird pools. Two pools from both Louisiana and 
New Jersey were analyzed; one pool from each State 
having a total sample of ten or fifteen birds was an- 
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alyzed. Pool birds were selected randomly from the 
sample from each State. Pools of livers were analyzed 
for mercury and pools of breast muscle were analyzed 
for both mercury and chlorinated hydrocarbons. 


To determine organochlorine residue levels for wings, 
breast muscle, and carcass subsamples, 40 comparison 
birds were chosen randomly from the 129 woodcock 
remaining after pooling. 


Samples of muscle from birds analyzed individually for 
chlorinated hydrocarbons consisted of approximately 
one-half (20 to 30 g) the breast muscle and excluded the 
skin. A 5-g sample was taken from each pooled bird. 
Pooled samples of breast muscle for mercury analysis 
consisted of 1 g of muscle from each bird. Entire livers 
were used for both individual and pooled samples which 
were analyzed for mercury. 


Each wing sample included both wings, with distal seg- 
ment and feathers removed. Carcass samples consisted 
of the remainder of the bird after samples of breast 
muscle, the liver, wings, skin, gastrointestinal tract, 
head, feet, and scaled portions of the legs had been 
removed. All samples were homogenized prior to anal- 
ysis. Analyses were performed by WARF Institute, 
Inc., Madison, Wis. 


Samples analyzed for chlorinated hydrocarbons were 
weighed, air dried with sodium sulfate for 48 hours, 
extracted with petroleum ether : ethyl ether (17:7) in 
Soxhlet apparatus for 8 hours, cleaned, and separated 
into two fractions by passage through a florisil column 
of petroleum ether : ethyl ether, 95:5, 85:15. An aliquot 
of the first elution was passed through a standardized 
silicic acid—celite column with petroleum ether, hex- 
ane, acetonitrile, and methylene chloride (3). Analysis 
was performed by electron-capture gas chromatography 
on a Barber-Coleman Pesticide Analyzer model 5360. 
The column was glass, 1208 mm by 4 mm, packed with 
5 percent DC-200 80/100 mesh Gas Chrom Q. Injector 
temperature was 240°C; column was 200°C; and 
detector was 245°C. The carrier gas was nitrogen at a 
flow rate of 80 ml/min. Lipid weight was determined 
from an aliquot of the extract which was reduced to 
dryness on a steam bath and placed in a 40°C oven 
2-4 hours before weighing. 


Total mercury content was determined by cold vapor 
atomic absorption. Samples were digested by refluxing 
with sulfuric—nitric acid mixture (4). A mixture of 
hydroxylamine, stannous chloride, and sulfuric acid was 
added to the digest to reduce the mercury II ions to 
mercury metal. Samples were aerated at 3 liters/min 
and passed through the absorption cell. 


Limits of sensitivity (wet weight, ppm) were 0.05 for 
mercury, 0.01 for PCB's, and 0.005 for DDE, DDD, 
DDT, mirex, heptachlor epoxide, and dieldrin. Re- 
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coveries of mercury from spiked samples ranged from 
85 to 98.5 percent. Percentage recoveries for chlori- 
nated hydrocarbons were: DDE and PCB's, 75-85; 
DDD and mirex, 80-90; DDT, 75-80; dieldrin, 82-94; 
and heptachlor epoxide, 85-90. Analytical readings were 
not corrected for recovery. Confirmation consisted of 
running duplicate analyses. For mercury, five pooled 
liver samples and three individual livers were duplicated; 
for chlorinated hydrocarbons, one pooled muscle sam- 
ple, three individual muscle samples, and four carcasses 
were duplicated. 


In addition to arithmetic means, median values are 
given throughout this paper because all residue data 
were skewed with most values toward the low end of 
the distribution. Statistical tests were completed after 
log,) (x + 1) transformation of the data. Trace residues 
were entered in the computations at the stated “less 
than” value, and “not detected” values were entered as 
zeros. 


Results and Discussion 


WOODCOCK AS HUMAN FOOD 

Data for U.S. woodcock (Table 2) show that residue 
levels are generally low; average levels of DDT plus 
metabolites are approximately one-half those of the 
mean New Brunswick sample repo.ed by Dilworth et 
al. (2) in 1973. 


Data are presented by States (Table 3) because concern 
for residues in game species is centered at the State 
level. However, sample sizes were small and samples 
were not selected randomly within States. Therefore, 
data are statistically representative only of the area(s) 
actually sampled and not of the State as a whole. Be- 
cause woodcock were collected during the hunting 
season to determine those residue levels to which hunters 
might be exposed, annual variation by seasons is not 
measured by these data. 


Action Guidelines of the United States Department of 
Agriculture (USDA) for chlorinated hydrocarbons in 
meat (lipid weight) of domestic animals intended for 
human consumption are: DDT and metabolites, 7 ppm; 
PCB’s, 5 ppm; dieldrin, 0.3 ppm; heptachlor epoxide, 
0.3 ppm; and mirex, 0.1 ppm (John Spaulding, Ph.D., 
Residue Evaluation and Planning Group, USDA, per- 
sonal communication). 


Tables 2 and 3 reveal that numerous organochlorine 
means are apparently in excess of the USDA official 
limits. Because of skewed distributions, medians are 
both lower than and more representative of the dosage 
likely to be encountered in any given specimen. Never- 
theless, many median values also appear to be in excess. 
In actuality, breast muscle of woodcock contains only 
1.9 + 0.1 percent fat (mean and 1 standard error for 
the 40 comparison birds), whereas hamburger, for ex- 
ample, may contain 28 percent fat, or 15 times the 
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mean fat in woodcock. Therefore, in considering the 
safety of chlorinated hydrocarbon residues in wood- 
cock (Tables 2, 3), it is appropriate to multiply guide- 
line levels by approximately 15. There are no median 
values, including those for mirex which are discussed 
below, which exceed these adjusted guidelines. 


The maximur: level of mercury in fish muscle allowed 
by the Food and Drug Administration (FDA), United 
States Department of Health, Education, and Welfare, 
is 0.5 ppm (wet weight) (Spaulding, personal communi- 
cation). 


Among the State pools of breast muscle analyzed for 
mercury, the highest residue values, 0.31 ppm _ for 
Florida and 0.30 ppm for Alabama, were below the 
0.5 ppm level. Mercury levels in breast muscle of 
woodcock apparently present no hazards to humans 
according to established tolerance levels. 


LOUISIANA WOODCOCK 

McLane et al. (5) report residues (lipid weight) of 
heptachlor epoxide, dieldrin, DDE, DDD, and DDT in 
33 woodcock collected January 1965 in West Baton 
Rouge, Pointe Coupee, and Iberville Parishes of Louis- 
iana. Analyses of 10 birds in the present sample afford 
a comparison for the same area 6 years later. To make 
this comparison, the authors’ 1970-71 data were re- 
analyzed according to McLane et al. (5): trace readings 
were used at one-half the stated “less than” values. This 
results in data slightly different from Louisiana values 
in Table 3. The mean (1.87 ppm) and median (0.88 
ppm) residues for heptachlor epoxide in 1965 were higher 
than the mean (0.04 ppm) and median (‘not detected”) 
levels found in 1971. The mean (1.65 ppm) and median 
(0.48 ppm) residues for dieldrin in 1965 do not differ 
greatly from the mean (0.80 ppm) and median (0.56 
ppm) values found in 1971. DDE was present in 1965 
at mean (17.90 ppm) and median (16.15 ppm) levels 
which exceed the mean (6.88 ppm) and median (3.32 
ppm) residues of 1971. The 1965 measurements of DDD 
and DDT included trace amounts of PCB's; therefore, 
it is not possible to judge whether DDD and DDT have 
increased or decreased. It would seem that mean (3.65 
ppm) and median (3.92 ppm) levels of PCB’s in 1971 
have increased over the trace amounts present in 1965. 


GEOGRAPHIC DISTRIBUTION OF MIREX 

Mirex was found in breast muscle of ten individually 
analyzed woodcock from five States. Only one of five 
birds from Maryland had a residue of 0.658 ppm (lipid 
weight), resulting in a State average of 0.132 ppm. Two 
of five woodcock from Alabama had residues of 2.18 
ppm and 2.20 ppm; State average was 0.876 ppm. Two 
of five birds from Tennessee had residues of 0.783 
ppm and 5.64 ppm; State average was 1.28 ppm. One of 
ten birds from Louisiana contained 26.7 ppm; State 
average was 2.67 ppm. Mississippi showed the highest 
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TABLE 2.—Residues of chlorinated hydrocarbons and mercury in U.S. woodcock, 1970-71 





BIRDS WITH NO 
DETECTABLE RESIDUE 


Birps 


HEMICAL ! 
c SAMPLED 


TRACE RESIDUE 


RESIDUE LEVEL, PPM 
BIRDS WITH 





WET WEIGHT LIPID WEIGHT 





DDE 129 0 
Mean 
Median 
Range 


DDT 
Mean 
Median 
Range 


DDD 
Mean 
Median 
Range 


Dieldrin 
Mean 
Median 
Range 


Heptachlor epoxide 
Mean 
Median 
Range 


Mirex 
Mean 
Median 
Range 

PCB’s 
Mean 
Median 
Range 


Mercury 
Mean 
Median 
Range 











5 
0.217 11.2 
0.036 2.47 

0.004-8.67 0.196-432 


0.010 0.573 
0.005 0.364 
0-0.220 0-14.0 


0.030 1.64 
* 0.009 0.647 
0-0.870 0-55.7 


0.018 1.07 
0.005 0.381 
0-0.550 0-30.7 


0.003 0.188 
0 0 
0-0.082 0-8.67 


0.010 0.762 
0 0 
0-0.440 0-33.6 


0.075 4.65 
0.060 
0-0.43 


0.197 
0.145 
0.05-1.1 











1 Mercury analyses are of liver; other analyses are of breast muscle. 


levels, with four of ten woodcock containing 4.54 ppm, 
10.5 ppm, 11.5 ppm, and 33.6 ppm. State average was 
6.01 ppm. 


State pools showed small amounts of mirex in birds 
killed in Minnesota, 0.714 ppm; Wisconsin, 0.620 ppm; 
and South Carolina, 0.545 ppm. The only other State 
pool with mirex was Mississippi, which had 17.7 ppm. 


Mirex levels up to 0.192 ppm appeared in one carcass 
sample from each of the following States: North Caro- 
lina, Kentucky, Tennessee, Florida, Georgia, West Vir- 
ginia, and Vermont. A woodcock from New York 
showed 0.141 ppm mirex in the carcass and 1.23 in the 
wing. 

In summary, woodcock showed heaviest mirex residues 
in Mississippi and Louisiana, States where mirex has 
been used in attempts to control the imported fire ant 
(Solenopsis saevissima). 


POOLS VERSUS AVERAGES 
It is important to determine how well pooled samples 
reflect averages of individual birds because pooling is 
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often used to reduce the number and therefore the cost 
of analyses in surveys of residue levels. The present data 
allow statistical comparison of one series of residue 
readings, each reading based on five birds pooled prior 
to homogenization and analysis, with another series of 
values, each value derived by averaging residue readings 
from five birds analyzed individually. Pool values and 
averages of individuals are paired: one of each is avail- 
able: from several States. However, geographic variation 
within States has not been completely accounted for in 
the experimental design because the collecting localities 
are not completely the same for each pool-average pair. 
Results in Table 4 show a general similarity between 
pools and averages. However, the similarities are not 
consistent as shown by the lack of significant correlation 
coefficients for DDT and dieldrin. Although t-tests for 
paried data revealed no significant differences between 
pairs of logarithmic means for pools and averages, 
means of pools were larger in five of seven cases. If 
more extensive experimentation reveals that pooling 
increases the levels of residues which are detected, ex- 
planation and quantification will be required. 
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TABLE 3.—Geographic summary of chlorinated hydrocarbon and mercury residues in 
individually analyzed U.S. woodcock, 1970-71 


RESIDUE LEVELS, PPM ! 








DDE + DDT + DDD DIELDRIN HEPTACHLOR EPOXIDE PCB’s MERCURY 





ME- ME- ME- ME- ME- 
MEAN] DIAN | RANGE DIAN | RANGE MEAN RANGE DIAN | RANGE DIAN | RANGE 





10.6 | 9.50 | 3.03-22.1 1.11 | 0.34-1.58 2.34 | 0. 0-8.67 6.82 | 0.82-15.6 0.28 | 0.18-0.36 
6.75 | 4.10 | 2.30-16.8 0.30-0.39 0.15 0-0.42 6.58 | 5.42-7.81 0.19 | 0.05-0.23 
110 | 7.42 | 5.77-502 0.18-5.78 0.08 0-0.39 3.68 | 2.70-25.7 0.68 | 0.29-0.92 
47.2 | 13.1 | 1.41-319 0.24-1.74 0.14 0-0.50 0-15.6 0.16 | 0.08-0.27 
8.19 0.67-33.1 0.13-3.41 0.06 0-0.38 1.38-5.17 0.25 | 0.13-0.36 
9.01 3.23-15.8 0.52-9.62 0.24 | 0. 0-0.44 2.72-5.43 0.26 | 0.05-0.87 
10.2 5.55-23.7 0.31-30.7 0.05 0-0.26 2.30-7.75 0.33 | 0.17-1.10 
11.3 3.39-17.0 p 0.40-3.42 0.37) 0. 0.29-0.52 4.55-12.5 0.26 | 0.20-0.66 
22.0 4.21-64.5 0.42-13.5 0.22 0-0.79 2.07-4.13 0.19 | 0.06-0.26 
3.71 2.42-5.76 é 0.20-1.06 0.03 0-0.17 3.32-8.24 0.24 | 0.14-0.28 
1.36] 1. 0.25-2.62 0-0.30 0.05 0-0.24 1.78-5.67 0.07 | 0.05-0.14 
2.36 1.12-4,33 . 0.24-2.86 0.17] 0. 0-0.27 4.31-5.43 : 0.08 | 0.05-0.14 
1.95 1.37-2.50 0-6.78 0.11 0-0.44 1.92-6.13 0.15 | 0.05-0.17 


eA unAunwnn wa 


a 


15.6 1.29-47.6 3 0-2.68 0 — 1.47-19.5 0.13 | 0.05-0.22 


S 


4.14 0.64-10.2 0.20-0.60 0-0.28 0-4.77 0.16| 0.08-0.46 
2.64) 1. 1,30-6.00 0.20-0.83 0-0.80 1.51-5.17 0.07 | 0.07-0.17 
0.31-15.2 0.13-0.23 r 0-0.23 i 1.10-3.51 0.05 | 0.05-0.12 
0.44-5.33 0.21-0.33 _— : 2.91-4.63 0.08} 0.05-0.12 
1.05-8.48 0-0.37 , 0-2.21 d 0.08} 0.07-0.12 
0.59-6.08 0-0.62 ( : 2.36-14.4 0.13| 0.08-0.23 
0.79-1.86 0-0.31 1.59-3.68 . 0.11} 0.05-0.12 
0.39-26.0 0-0.47 1.51-12.5 0.09} 0.05-0.15 
0.55-3.10 0-0.53 1.71-12.5 J 0.06} 0.05-0.08 





















































! Data for chlorinated hydrocarbons apply to breast muscle, lipid weight; data for mercury apply to liver, wet weight. 
* N = number of woodcock in sample. Sample sizes for mercury are one less than the number indicated in the following States: Tenn., Fla., R.I., 
Vt., La., N.H., and N.J. 


TABLE 4.—Comparison of pools and averages of residue data for chlorinated hydrocarbons 
in breast muscle, and mercury in liver, of U.S. woodcock, 1970-71 





RESIDUE LEVELS, PPM !-* 


a 








HEPTACHLOR a 
DDE DDD DIELDRIN EPOXIDE MERCURY 








Means 
Averages 0.808 0.344 0.178 0.258 0.066 0.079 
Pools 0.976 0.400 0.190 0.313 0.082 0.078 

Variances 
Averages 0.2255 0.0728 0.0201 0.0548 0.0129 0.0033 
Pools 0.2644 0.0902 0.0169 0.1031 0.0190 0.0030 

Correlation 
Coefficients * 0.630** 0.609** 0.303 0.436 0.764* ** 0.946*** 


























! Data for chlorinated hydrocarbons represent lipid weight; data for mercury represent wet weight. 


2 Residue levels in pools and arithmetic averages of individual residue levels were transformed by logio (x + 1) prior to calculation of these 
means, variances, and correlation coefficients. Sample size is 20 for chlorinated hydrocarbons and 15 for mercury. 


* Significance levels: ** = 0.01 > P > 0.001; *** = P < 0.001. 
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Comparison of sample variances (Table 4) shows that 
in five of seven cases the pool variance is larger than 
the average variance. None of these differences produce 
a Significant F value when tested. Together they suggest 
that pool data are less reliable. If this difference is real, 
it may be because each State average comes from five 
analyses, whereas each pool comes from a single anal- 
ysis. However, the mechanism is not obvious. The 
authors’ limited data suggest that pools and averages 
with a sample size of five are not equivalent and that 
pool values are larger and more variable. 


NORTH—SOUTH VARIATION IN RESIDUES 

Gross inspection of the data indicated that levels of 
some residues increase from north to south. To examine 
this relationship the authors assigned each State a value 
from 1 to 5 as an index of latitude: 1—Florida, Georgia, 
Alabama, Mississippi, Louisiana; 2—North Carolina, 
South Carolina, Tennessee, Arkansas; 3—Maryland, 
West Virginia, Kentucky, Missouri; 4—Rhode Island, 
New Jersey, Pennsylvania; 5—Maine, Vermont, New 
Hampshire, New York, Michigan, Wisconsin, Minnesota. 
These values were then analyzed for correlation with the 
23 States’ average levels of chlorinated hydrocarbons 
(breast muscle, lipid weight) and mercury (liver, wet 
weight); Table 5 shows results. Number of individual 
birds for each State ranged from 4 to 10 with an average 
of 5.6 for chlorinated hydrocarbons and 5.3 for mercury. 


Table 5 confirms that residues in general are negatively 
correlated with latitude. Furthermore, except for PCB's, 
the size of the correlation coefficients is positively 
correlated with mean residue level (Table 2, wet weight 
values); hence low levels are probably responsible for 
the smaller coefficients of DDD through heptachlor 
epoxide (there were 4 States where no individual muscle 
samples contained heptachlor epoxide and 18 where none 
contained detectable mirex). However, this explanation 
does not account for the low PCB coefficient. Whereas 
the insecticides presumably increase toward the South 


TABLE 5.—Correlations between average residue levels in 
U.S. woodcock and latitude index for 23 States of 
collection, 1970-71 ' 


: 
CORRELATION 


CHEMICAL COEFFICIENT ? 


Heptachlor epoxide —0.408 
PCB's —0.431* 
Mirex | —0.528* 
DDT | —0.530* 
Dieldrin 0.543** 
DDD 0.550** 
-0.659* ** 
DDE —0.670*** 


Mercury 


' Ppm values transformed by logio (x + 1). 


2 Significance levels: * 
ose P < 0.001 


0.05 > P > 0.01; ** = 0.01 
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due to greater agricultural usage, PCB’s originate from 
various sources (6,7) not necessarily related to latitude, 
and this may explain the weaker relationship. The 
strong correlation of mercury with latitude (Table 5) 
presumably reflects greater ambient mercury in wood- 
cock habitats with decreasing latitude. How the natural 
and personmade sources of mercury combine to produce 
such a distribution is not known. 


CORRELATIONS OF RESIDUES WITH ONE ANOTHER 

Among the eight chemical residues, levels of PCB’s are 
most often significantly correlated with levels of other 
chemicals; this is true in six of seven cases (Table 6). 
DDT and its metabolites are closely associated with 
one another and with dieldrin and PCB’s. The absence 
of heptachlor epoxide and mirex from many samples 
(Table 2) probably accounts for their lack of correlation 
with other residues. Mercury, in spite of its relative 
abundance (Table 2), is significantly associated with 
only three other materials. However, because mercury 
is assimilated and stored differently than the chlorinated 
hydrocarbons, a lesser degree of association is expected. 


WING RESIDUES AS INDICATORS 

Wings of woodcock obtained annually from hunters to 
evaluate the species’ population levels and reproductive 
success (8) are now also being used to survey geographic 
trends in residues of chlorinated hydrocarbons (9). 
Dilworth et al. (4) have shown a highly significant 
correlation between DDT and metabolites in wing and 
breast muscle. Our data (Table 7) allow quantification 
of both wing-to-breast-muscle and wing-to-carcass re- 
lationships. Calculation of the mean difference and its 
95-percent confidence interval makes it possible to 
predict accurately residue levels in breast muscle or 
carcass from amounts found in wings for this group of 
40 woodcock. Of course, how these relationships might 
be altered by variations in overall residue levels is not 
known. 


Wing, muscle, and carcass samples contain different 
percentages of fat. For our sample these values (mean 
+ | standard error) are: wing, 14.4 + 0.3 percent; 
muscle, 1.9 + 0.1 percent; and carcass, 9.3 + 0.6 
percent. To compensate for this variable, calculations 
were made on lipid weight data. Nevertheless, results in 
Table 7 show significant differences among the three 
tissues for DDD, DDT, and PCB’s. Therefore, quanti- 
fication is needed beyond the determination of a signifi- 
cant correlation coefficient if wing residues are to be 
used to predict residue levels in other tissues. 
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TABLE 6.—Correlation matrix for residue levels of 8 chemicals in 122 individual U.S. woodcock, 1970-71 





RESIDUE LEVELS, PPM !:2 





HEMICAL 
CHEMIC: HEPTACHLOR 


MERCURY DDE DDD DDT PCB’s EPOXIDE DIELDRIN 





Mercury 1 0.324*** 0.202* 0.116 0.250* 0.063 0.114 
DDE 1 0.803*** 0.644*** 0.436*** 0.176 0.434*** 
DDD 1 0.749*** 0.361*** 0.096 0.486*** 
DDT 1 0.455*** 0.064 0.356*** 
PCB’s 1 0.209* 0.208* 
Mirex —0.080 0.0003 
Heptachlor epoxide 1 0.180 


























Dieldrin 1 





1 Residue levels of chlorinated hydrocarbons (breast muscle) and mercury (liver) were transformed by logiw (x + 1) prior to computations. 
Data for chlorinated hydrocarbons represent lipid weight; data for mercury represent wet weight. 


2 Significance levels: * = 0.05 > P > 0.01; *** = P < 0.001. 


TABLE 7.—Levels of residues in U.S. woodcock wings as indicators of levels in breast muscle and in carcass, 1970-71 





RESIDUE LEVELS, PPM ?:* 





CHEMICAL t MEAN DIFFERENCE 
(PAIRED +95% CONFIDENCE CorRELATION 
DATA) INTERVAL COEFFICIENT 





DDE 


Muscle 
0.955*** 
Wing 
0.949*** 
Carcass 


DDD 


Muscle 
0.779*** 
Wing 
0.862*** 
Carcass 


DDT 


Muscle 
5.44*** 0.492*** 
Wing 
4.92%%* j 0.839*** 
Carcass 


PCB's 


Muscle 0.708 
0.055 0.737%? 
Wing 0.593 
+ 0.061 0.730*** 
Carcass 0.538 


Dieldrin 


Muscle 
0.937*** 
Wing 
0.581*** 
Carcass 


Heptachlor epoxide 


Muscle 0.075 
0.626*** 
Wing 0.055 
0.932*** 
Carcass 0.059 

















' Residue levels in ppm lipid weight were transformed by logio (x + 1) prior to computations. Sample size is 40. 
* Significance levels: ** = 0.01 > P > 0.001; *** = P < 0.001. 
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Studies on the Distribution and Flux of Pesticides in Waterways Associated with 
a Ricefield—Marshland Ecosystem ' 


Thomas M. Ginn * and Frank M. Fisher, Jr.* 


ABSTRACT 

On coastal prairie and marshland in Chambers County, Tex., 
authors studied the distribution and flux of chlorinated 
hydrocarbon pesticides in waterways associated with a rice- 
field—marshland ecosystem. Aldrin applied with seed rice 
entered the aquatic ecosystem through drainage of flooded 
ricefields. Chemical alteration of the pesticide was observed; 
dieldrin was the primary breakdown product. All insecti- 
cides were distributed unevenly, exhibiting a_ predilection 
for biotic components of the ecosystem. Residue analyses of 
representative species of the aquatic biota indicated signifi- 
cant biological accumulation and passage of these refractory 
compounds along the food chain. Rapid localization and 
concentration of pesticides in living organisms was observed. 
Reproductive tissues exhibited a marked affinity for the pes- 
ticides. Decline of assimilated residues in both biotic and 
abiotic components appeared to follow a first-order reac- 
tion curve. Contamination of the aquatic environment with 
toxaphene during the study period resulted in a massive 
kill of aquatic organisms. Neither long-term effects nor sig- 
nificant biological magnification of toxaphene was observed. 
Other chlorinated hydrocarbon pesticides of unknown origin 
were detected, including DDE, DDD, and DDT. 


Introduction 


The toxicity of chlorinated hydrocarbon pesticides to 

aquatic organisms has been documented by many 

investigators (J-8). Effects of the pesticidal chemicals 

range from acute intoxication resulting in death of the 

organism to more subtle sublethal effects. Though only 
The major portion of the research described herein was supported 
by a grant from The Moody Foundation (70-115). Additional sup- 
port was provided by a grant from NASA (V6R44-006-033) and 
PHS Training Grant 5-T01-EM-00025. 


2? Bowman Gray school of Medicine, Winston-Salem, N. C. 27103. 
* Biology Department, Rice University, Houston, Tex. 77001. 
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slightly soluble in water, chlorinated hydrocarbon 
pesticides enter the aquatic environment dissolved in 
minute amounts or in greater amounts adsorbed to sus- 
pended sediment particles (9). Rudd (/0) asserted that 
water is the primary means of residue transport from a 
treated area to an untreated one. The presence in 
surface waters of such persistent, broadly toxic com- 
pounds results in exposure of the entire aquatic biota 
to the residues. Furthermore, in the laboratory, fish 
and other aquatic organisms have shown a marked 
ability to accumulate pesticides from the milieu. This has 
been attributed primarily to two factors: direct absorp- 
tion of insecticides from water, and assimilation and 
concentration of residues from food substances. Butler 
(11) noted the phenomenon of direct absorption of 
residues by oysters. Chadwick and Brocksen (/2) re- 
ported that accumulation of pesticides by fish was de- 
pendent on the concentration of pesticides in water. 
However, Murphy (/3) asserted that the method of 
uptake was dependent on the size of the organism. In 
addition, accumulation of pesticides by organisms in 
natural aquatic ecosystems has been documented (/4-/6). 
This phenomenon of accumulation of pesticides by living 
organisms appears to be universal (/7) and is primarily 
attributable to the chemical properties of these globally 
dispersed refractory compounds. 


The effects of accumulating pesticides are for the most 
part unknown. Sublethal amounts of these compounds 
in water have been shown to retard growth (3), decrease 
reproductive success (/8), and alter behavior (19) in 
aquatic organisms. Most investigations have confined 
themselves, however, to laboratory studies on isolated 
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components of an aquatic ecosystem or isolated char- 
acteristics of an insecticide. At present, few data exist 
on the distribution, localization, and impact of various 
pesticides in natural aquatic ecosystems. Studies of 
residues in a few complete ecosystems have been under- 
taken (/6,20). 


The marshland—estuarine environment is one for which 
virtually no data exist on the dynamics or short-term 
effects of chlorinated hydrocarbon pesticides. As the 
habitat for a great and diverse group of aquatic species, 
the estuarine environment is a vitally important bio- 
logical system. The authors’ purpose was to investigate 
the dynamics and distribution’ of certain chlorinated 
hydrocarbon pesticides in a marshland—estuarine eco- 
system. The primary pesticide in the investigation was 
aldrin applied in cultivation of rice and introduced into 
the aquatic ecosystem by drainage of flooded ricefields. 
In addition, 11 other chlorinated hydrocarbon pesticides 
were monitored in the organisms of this aquatic com- 
munity. 


Study Area 


The study area was composed of approximately 8,000 
hectares of coastal prairie and marshland in Chambers 
County, Tex., adjacent to East Galveston Bay (Fig. 1). 
The marshlands were used primarily for cattle grazing 
and the lower prairie was used for rice cultivation. 
Runoff from the marsh and rice-growing areas passed 
through a series of personmade drainage canals and 
natural bayous into East Bay. Salinity of drainage waters 
varied from 0.5 to 19 parts per thousand (ppt) during 
the study. Aquatic organisms inhabiting the waters were 
typically euryhaline—estuarine species. The marshland 
primarily discussed in this paper was a 300-hectare 
section of the above area which had been drained; it 
was cultivated with rice between March and August 
1971. Portions of the lowlands not involved in rice 
cultivation were designated as control areas. 


Materials and Methods 


Aquatic organisms were trapped or netted in the main 
drainage points of treated ricefields and stored at 4°C 
or quick-frozen (—20°C) until time of extraction and 
analysis. Small organisms (Palaemonetes, Brevoortia, 
etc.) were collected to give a sample size of 30 to 
60g. The lower value represented the smallest sample 
in this study. Routinely, dip nets and seines were used 
for benthic forms. Cast and gill nets were used for fish 
and commercial crab traps were used effectively for 
crabs and some fish. Preparation for extraction was a 
modification of the method described by A. Wilson of 
the U.S. Environmental Protection Agency, Gulf Breeze 
Environmental Research Laboratory, Gulf Breeze, Fla. 
(personal communication). Samples were weighed and 
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FIGURE 1.—Location of ricefield—marshland study area 
on Texas coast 


placed in mason jars to which anhydrous Na.SO, was 
added in an exact multiple of the sample weight 
(usually 3). The mason jar was capped with a cutting 
assembly (Osterizer Corp.) and the sample was ground 
until a homogenous mixture was obtained. The ground 
sample was frozen (—20°C) for 15 to 20 minutes and 
reground until a free-flowing powder mixture was 
obtained. Repeated freezing and regrinding was often 
necessary to achieve such a powder. The tissue—Na.SO, 
homogenate was either extracted immediately or 
wrapped in aluminum foil and stored in a freezer 
(—20°C). Analysis was of whole-body residues except 
when an organism was too large. In such cases, 
representative tissues were analyzed, as indicated in the 
text and tables. 


Pesticide residues were extracted in Soxhlet extractors 
with petroleum ether as described by A. Wilson (personal 
communication). A weighed quantity of tissue-desiccant 
homogenate equivalent to approximately 30 g tissue was 
extracted for 4 hours with 250 ml petroleum ether 
(Nanograde, Mollinkrodt) at a temperature high enough 
to produce cycling of the solvent every 5-10 minutes 
(approximately 90°C). Following extraction, the petro- 
leum ether was reduced to approximately 15 ml over 
steam using a three-ball Snyder column and was quanti- 
tatively transferred to a separatory funnel for partition- 
ing over acetonitrile. The petroleum ether fraction was 
adjusted to 25 ml and partitioned twice over 50 ml 
acetonitrile. Each time the mixture was manually 
agitated for | minute and allowed to separate. The 
acetonitrile was collected in a crystallizing dish and 
evaporated just to dryness on a slide warmer (40°C). 


PESTICIDES MONITORING JOURNAL 





Prolonged drying or excess heating was avoided to 
prevent loss of pesticides due to volatilization. 


The residue was resuspended in petroleum ether and 
subjected to column chromatography on florisil (Floridin 
Co., Berkeley Springs, W. Va.). A two-fraction prepara- 
tive chromatographic separation involved transfer of the 
residue to 10 g of florisil in a 400-by-20-mm glass 
chromatography column. Elution was effected with 
150 ml of a 6-percent solution of anhydrous ethyl ether 
in petroleum ether followed by elution with 150 ml of 
a 15-percent solution of ethyl ether in petroleum ether. 
The florisil required heating at 120°-135°C for at least 
5 hours before use. This procedure separated dieldrin 
and endrin from other chlorinated pesticide residues (2/). 
The 6-percent eluate was reduced to suitable volume 
over steam and subjected to gas-liquid chromatography 
(GLC). The 15-percent eluate required further prepara- 
tion. The fraction, reduced to approximately 20 ml over 
steam, was quantitatively transferred to a 400-by-20-mm 
glass chromatography tube containing 10 g of a 1:1 by 
weight mixture on magnesium oxide and Celite 545 
(Johns Manville Co.). Elution was effected with 100 ml 
petroleum ether over vacuum sufficient to produce an 
elution rate of approximately 35 ml/min. The eluate 
was reduced to suitable volume, quantitatively trans- 
ferred to a graduate cylinder, and adjusted to a known 
volume with petroleum ether prior to analysis by GLC. 


Pesticide residues were recovered from core samples 
(2.5 by 15 cm) of soil by triple extraction with aceto- 
nitrile. Extraction was performed with wet soils to 
maximize recovery (22). A portion of each sample was 
retained and dried to constant weight at 130°C for 
determination of weight. Samples weighing 250-300 g 
were placed in mason jars with 100 ml acetonitrile and 
mixed for 2 minutes in a high-speed blender. After 
the soil had settled the acetonitrile was decanted into 
an evaporating dish through a funnel containing anhy- 
drous Na.SO, to absorb water. Extraction was repeated 
a second and a third time using 100 ml acetonitrile and 
blending for 2 minutes. Following decantation of the 
third extract, the soil was poured into the funnel, rinsed 
with acetonitrile, and discarded. The acetonitrile was 
evaporated to dryness on a slide warmer. The residue 
was resuspended in petroleum ether and subjected to a 
two-fraction purification on florisil. In this case, botu 
the 6-percent and 15-percent fractions were subjected 
to GLC without further purification. 


Dip samples of water were collected in 1I-gal. brown 
glass bottles and refrigerated until time of extraction. 
All analyses were completed within 30 hours after 
collection. Samples of 1,500 ml were extracted in a 
separatory funnel by shaking for 5 minutes with 
100-150 ml petroleum ether. The water and petroleum 
ether were allowed to separate and the petroleum ether 
was collected in an Erlenmeyer flask. Extraction was 
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repeated a second and a third time. The aqueous phase 
was discarded and the petroleum ether phase was 
dehydrated with anhydrous Na.SO,. The extract was 
reduced to a known volume over steam. No further 
purification of this extract was necessary prior to 
analysis by GLC. This methodology gave 100-percent 
recovery of dieldrin from spiked samples. Salinity esti- 
mates were accomplished with standard hydrometers 
measuring density ranges from 1.000 to 1.030, or by 
chloride measurement using ampimetric titration with 
a chloridometer. 


Residue analysis was by GLC with a Varian Aerograph 
Model 2100 dual-channel chromatograph equipped with 
tritium electron-capture detectors. Detection by electron 
capture allowed quantitation of organochlorine insecti- 
cides at amounts ranging from 10-'! g for lindane to 
10-'” g for p,p’-DDT. Readout was on a Varian Aero- 
graph Model 20 dual-pen recorder. On-column injection 
into an all-glass system was incorporated to prevent 
decomposition of certain organohalogen insecticides (23). 
Columns were 6-foot capillary U-tubes with 2-mm 
internal diameter. Packing material consisted of 80/100 
mesh Gas Chrom Q (Applied Science Laboratories, 
State College. Pa.) solid phase with silicone oil liquid 
phases including 3 percent DC-200, 5 percent QF-1, a 
2:1 mixture of 5 percent QF-1 and 5 percent DC-200, 
and a 3:1 mixture of 3 percent DC-200 and 10 percent 
OV-17. 


Nitrogen was used as carrier gas at 65 psi and rate (soap 
film flowmeter) of 40 ml/min. During operation the 
column temperature was maintained at 190°C. The 
injector was maintained at 215°C. Sufficient sensitivity 
was achieved by operating the tritium detectors at 215°C. 
The detectors operated on a 90-volt direct-current mode. 
Though linear range of electron-capture detectors is 
limited (24), linearity was obtainable in the range of 
pesticide concentrations assayed (10-!! to 10-® g). 


Quantitation of data was based on comparison of printout 
of sample extract peak height with the peak heights of 
standard solutions of pesticides. Standards were in- 
jected following every third sample extract. Standard 
solutions were made using analytical grade chlorinated 


hydrocarbon pesticides obtained from the Pesticide 
Repository, Perrine, Fla. (See Appendix for common 
and systematic names of pesticides used in analysis.) 
Analysis was confirmed by using two liquid phases of 
different polarity such as DC-200 and QF-1. Another 
method employed binary solvent systems as described 
by Bowman and Beroza (25); this relies on solubility 
ratios of pesticides in immiscible solvents. 


Results 


Chlorinated hydrocarbon pesticides entered the aquatic 
ecosystem in the form of aldrin applied as a dressing on 
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seed rice (0.28 kg aldrin/hectare (ha.)). The cultivation 
process involved flooding ricefields to which aldrin- 
treated seed rice had been applied aerially, foilowed in 
24-48 hours by discharging flood waters into drainage 
canals. Residue analyses of drainage canal water samples 
and ricefield soil samples taken before and after pesticide 
application are presented in Tables | and 2, respectively. 


Aldrin had been applied to the field; yet dieldrin, rather 
than aldrin, was the primary residue detected. This was 
not unexpected since dieldrin, a persistent chlorinated 
hydrocarbon pesticide in its own right, is the epoxida- 
tion product of aldrin. The epoxidation process was 
doubtlessly hastened by environmental conditions of the 
ricefields, including elevated temperatures, high moisture 
levels, pH, Eh, and soil structure (26,27). 


Concentrations of aldrin and dieldrin in water were 
extremely small. This is impressive, considering that 
these residues were the primary source of aldrin and 


TABLE 1.—Pesticide residues detected in water from rice- 
field drainage canals before and after pesticide application 





RESIDUE, PPB (uG/L)* 
TIME, 
wk! ALDRIN 





DIELDRIN 





—2 ND ND 
—! ND ND 
0.440 
0.172 
0.062 
0.040 
0.023 
0.034 
ND 0.031 








' Represents no. of weeks before (—) or after planting of aldrin- 
treated seed rice. 
* ND none detected (<ug/liter). 


TABLE 2.—Pesticide residues detected in ricefield soil before 
and after pesticide application 
RESIDUE, PPB (uG/kG)*-* 


ALDRIN 


ND ND 
ND ND 


DIELDRIN 


_— 2.8 
10.1 
8.3 5.1 
ND 2.4 
ND 2.7 
ND 2.2 








' Represents no. of weeks before (—) or after planting of aldrin- 
treated seed rice. 

* Samples analyzed: composite core 2.5 by 15 cm, dry weight. 

* ND = none detected (<ug/kg). 
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dieldrin in most other components of the ecosystem. 
Based on field size (129.6 ha.) and application rate (0.28 
kg/ha.), it was estimated that the total aldrin input 
into the field was 36.6 kg. Flood waters were 0.15 m 
deep, totaling 19.4 x 10° liters of water on the field. 
If aldrin were stable and completely soluble in water, a 
concentration of 186 parts per billion (ppb) would have 
been observed. Instability and insolubility of the chemi- 
cal resulted in levels of 0.49 ppb aldrin and 0.58 ppb 
dieldrin in samples of unfiltered flood waters. Thus 
approximately 95 g aldrin and 113 g dieldrin were car- 
ried from the field when it was drained. It was this small 
amount that accounted for the residues appearing in 
biotic components of the aquatic ecosystem represented 
by the drainage canal. 


Following contamination, the decline of pesticide levels 
in water exhibited a pattern similar to that observed in 
many of the biotic and abiotic components of the eco- 
system. As illustrated in Figure 2, the rate of dieldrin 
decline in water was proportional to the concentration 
of the pesticide present: i.e., a first-order reaction. Aldrin 
declined more rapidly, as stated earlier: after the fourth 
week following application, the insecticide was no longer 
detectable in water. The brief persistence of aldrin was 
no doubt the result of epoxidation of that compound to 
dieldrin. This characteristic of aldrin in water was im- 
portant in evaluating and understanding pesticide assim- 
ilation by aquatic organisms. 
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FIGURE 2.—Dieldrin residues in ricefield drainage waters 
before and after planting of aldrin-treated rice 
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Though 11 additional chlorinated hydrocarbon pesticides 
were monitored (chlordane, p,p’-DDD, p,p’-DDE, 
p.p’-DDT, endrin heptachlor, heptachlor epoxide, lin- 
dane, methoxychlor, mirex, toxaphene), only toxaphene 
was detectable in water samples during the study period. 
Because of the chemical properties of toxaphene, it was 
not possible to quantitate the data obtained. Toxaphene 
residues and their effects on aquatic biota are mentioned 
later in this section. In the control marshland drainage 
system, water samples were taken regularly during the 
study period. No chlorinated hydrocarbon pesticide 
residues were detected. 


Both aldrin and dieldrin were accumulated in soil (Table 
2). The rapid decline in aldrin concentration was prob- 
ably caused by loss through volatilization and decompo- 
sition; the rapid increase in dieldrin during the first 
4 weeks presumably was caused by significant epoxi- 
dation of aldrin to dieldrin. The rate of loss of dieldrin 
from soil following the fourth week appeared to be pro- 
portional to the amount of residue in the soil. This 
would conform to Kearney et al. (28), who reported that 
loss of pesticides from soils followed a first-order reac- 
tion. The possibility of pesticide translocation by trans- 
ported particulates has been suggested by Keith (9). 
Though the data are incomplete, pesticide analysis of 
bottom sediments from the ricefield drainage canal in- 
dicated localization of dieldrin of the same order of 
magnitude as that in ricefield soil (Table 3). 


TABLE 3.—Pesticide residues detected in drainage canal 
bottom sediments before and after pesticide application 





RESIDUE, PPB (uG/L)?)* 
TIME, 
wk! ALDRIN 





DIELDRIN 





—4 ND ND 
—2 ND ND 
2 ND 5.4 
8 ND 2.4 
15 ND ND 








1 Represents no. of weeks before (—) or after planting of aldrin- 
treated seed rice. 

2 Samples analyzed: composite core 2.5 by 15 cm, dry weight. 

% ND = none detected (<ug/kg). 





Within the aquatic ecosystem represented by the rice- 
field—marshland drainage canals, certain representative 
species were chosen as monitor organisms. These species 
were collected and analyzed regularly throughout the 
study. In addition to information gathered for specific 
monitored organisms, pesticide data were obtained for 
numerous other organisms representing all levels of the 
food web. These organisms represented species which 
could not be collected regularly in the study or control 
areas or those which were sporadically present in the 
areas due to habit, life cycle, or migratory behavior. 


PALAEMONETES VARIANS 
Representative of plankton and nekton feeders was the 
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grass shrimp (Palaemonetes varians). Chosen because of 
its presence in waterways of all study areas, this orga- 
nism exhibited euryhaline characteristics necessary to 
withstand salinity changes that were likely to occur in 
the waterways during the study period. Before rice was 
planted, residue baseline in P. varians consisted of diel- 
drin in varying amounts below 20 ppb. No aldrin was 
detected. Within a week after water had drained from 
treated fields into the waterways, the dieldrin residue in 
the shrimp increased to 25-50 times that of baseline. 
A steady but much slower decline in dieldrin residues 
followed, as illustrated in Figure 3. 


Aldrin was detected in Palaemonetes the first day of field 
draining and for approximately 4 weeks following. The 
rapid assimilation of pesticide suggested a direct absorp- 
tion of residue from water. On the first day of exposure, 
aldrin levels were 9.4 ppb, about 40 times that of the 
surrounding water. Dieldrin levels were approximately 
the same as aldrin levels. Ten days after field drain, 
aldrin levels had increased to 21.7 ppb; dieldrin had in- 
creased to over 500 ppb. After 4 weeks only dieldrin was 
detected. At its highest level, dieldrin was accumulated 
to a concentration over 1,000 times the maximum con- 
centration detected in water. 


The large increase in dieldrin accompanied by only slight 
increase of aldrin in P. varians during the first week could 
be attributed primarily to two factors. First, aldrin con- 
centration in the water decreased much more rapidly 
than did the dieldrin concentration. This difference 
would be mirrored in residue levels present in an 
organism which absorbed residues directly. Second, al- 
drin was probably rapidly metabolized to dieldrin by 
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FIGURE 3.—Dieldrin residues detected in grass shrimp 
(Palaemonetes varians) before and after planting of aldrin- 
treated rice 
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P. varians following ingestion or absorption. Metabolic 
epoxidation of aldrin to dieldrin appears to be the major 
pathway of aldrin metabolism in living organisms (29). 


CALLINECTES SAPIDUS 

The blue crab (Callinectes sapidus) was chosen as a 
monitor organism representing a carnivorous scavenger. 
Dieldrin was detected in Callinectes collected in the 
aldrin-contaminated drainage system (Fig. 4). As with 
Palaemonetes, Callinectes showed dieldrin to be the pri- 
mary pesticide assimilated. Levels approximately 2,000 
times the water concentration were observed in this ani- 
mal. Maximum concentration of 900 ppb was reached 
during the first week after drainage of the field. This was 
followed by a first-order decline over the next 20 weeks. 
In C. sapidus, aldrin was detected only during the week 
of field drain at a level slightly greater than 18.0 ppb. 


LEPISOSTEUS OCULATUS 

The spotted gar (Lepisosteus vculatus) represented a top 
carnivore of the aquatic ecosystem. Such a position 
within the food web should allow for biological concen- 
tration of pesticides present in the organisms of the eco- 
system. The presence of aldrin, dieldrin, DDT, and 
its primary breakdown products was, therefore, not 
surprising (Table 4). Though often detected in small 
amounts in other environmental components, DDT, 
DDE, and DDD reached their highest concentration in 
L. oculatus. 


It is noteworthy that aldrin was present in Lepisosteus 
much longer than in other aquatic organisms. Though 
usually not evident after the second to the fourth week 
in most food organisms vf the gar, aldrin was detected 
for 7 weeks in L. oculatus. A likely explanation of this 
phenomenon is that, though undetectable in the food 
organisms, aldrin was actually present in minute quan- 
tities. The pesticide became detectable when biologically 
concentrated by L. oculatus. 


Another significant discovery was the slower rate of in- 
secticide accumulation in Lepisosteus after aldrin drained 
into the waterways. the concentration of dieldrin in- 
creased slowly over a 4- or S-week period and then 
declined slowly over the next 10 weeks (Fig. 5). The 
slow decline in dieldrin concentration was similar to that 
observed in all organisms which incorporated residues: 
it followed a first-order reaction curve. The lag in accu- 
mulation was produced by the food chain effect. As 
Murphy (/3) pointed out, a large fish primarily accu- 
mulates residues by consumption of certain food rather 
than by absorption from water. L. oculatus, therefore, 
probably incorporated aldrin and dieldrin through as- 
similation of the pesticides in its food supply. This 
required a multistep process which included release of 
pesticides into water, incorporation of residues by or- 
ganisms of lower trophic levels, and ingestion of food 
organisms by Lepisosteus. The rise in pesticide levels in 
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FIGURE 4.—Dieldrin residues in blue crab (Callinectes 
sapidus) before and after planting of aldrin-treated rice 
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FIGURE 5.—Dieldrin residues in spotted gar (Lepisosteus 
oculatus) before and after planting of aldrin-treated rice 


L. oculatus must by its nature lag behind the rise in 
residue levels in the lower trophic levels; therefore, such 
time shifts would be expected. 


LEPOMIS MACROCHIRUS 
Numerous other fish were present in the study area 
but were collected only on a sporadic basis. Two species, 
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Lepomis macrochirus (bluegill) and Brevoortia sp. (men- 
haden), were collected with some regularity. Residue 
data for these and the other fish collected irregularly are 
listed in Table 5. Residues in L. macrochirus showed 
characteristics commensurate with its position in the 
food chain; i.e., between the lower trophic level of Pa- 
laemonetes and the higher level of Lepisosteus. Like 
Palaemonetes, L. macrochirus revealed aldrin residues 
only while the chemical was present in the surrounding 
water. Dieldrin residue levels in L. macrochirus, how- 
ever, more closely resembled those of Lepisosteus, reach- 
ing a peak after 4 weeks and slowly declining there- 
after. DDT and metabolites were present in several L. 
macrochirus, but at levels much lower than in Lepi- 
sosteus. 


TABLE 4.—Chlorinated hydrocarbon pesticides detected in 
spotted gar (Lepisosteus oculatus) after pesticide application 


~ RESIDUE, PPB (uG/KG)*-* 
TIME, earn Pe sae aia 
wk! ALDRIN DIELDRIN DDE DDT DDD 


_ a + 


7.4 4.9 368.0 21.7 57.6 
28.4 11.9 524.0 172.0 198.0 
14.7 9.6 113.0 68.0 82.1 

5.7 31.4 88.0 trace 29.0 

3.9 96.8 58.0 14.2 19.3 

7.3 153.0 107.0 34.7 79.7 
275.0 145.0 42.2 101.0 
198.0 82.7 5.9 14.3 
2.6 110.0 59.0 ND 6.4 
209.0 181.0 65.1 
ND 98.0 191.0 ND ND 
ND 69.5 87.5 — = 


EE ————— — = ——E 




















' Represents no. of weeks after planting of aldrin-treated seed rice. 
0 = week of planting. 

* Samples analyzed: 1:1 mixture of liver ard muscle, wet weight. 

* ND = none detected (<yug/kg). 


BREVOORTIA 

Highest recorded levels of aldrin and dieldrin in 
aquatic organisms were in Brevoortia sp. Assimilation of 
pesticide was rapid: extremely high levels were reached 
during the first day of exposure. This is understandable 
in view of the findings of Murphy (/3) concerning up- 
take of residues by fish. In contrast to large fish, small 
fish assimilate residues primarily by absorption from 
water rather than by consumption of any foods. Bre- 
voortia collected were in the 10-40-mm range and 
probably absorbed the pesticide directly from the water. 
As a result, pesticides were assimilated with exceptional 
efficiency and little time lag. 


DIVERSE FISH 

Pesticide data from the diverse fish listed in Table 5 
are significant from the standpoint of survey. Dieldrin 
residues were observed in all fish collected after aldrin 
had been introduced into the habitat, and the residues 
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persisted for a substantial length of time. These fish 
represent food sources of many organisms of higher 
trophic levels. 


As mentioned previously, residues of toxaphene were 
detected in waters of the study area. This was the re- 
sult of contamination of the drainage canals during aerial 
application of an unknown concentration of toxaphene 
to a ricefield in the study area as treatment for grass- 
hopper infestation. The application of toxaphene was 
discovered following residue analysis of fish carcasses 
sampled from a massive fish kill which followed the 
spraying. The extreme sensitivity of fish to toxaphene 
(5) and the unusually high solubility of toxaphene in 
water (3 ppm) were factors which indicated acute toxa- 
phene poisoning as the source of the fish kill. The num- 
ber of fish killed was estimated in the tens of thousands 
and included catfish, menhaden, bluegill, carp, mullet, 
and numerous species of minnows and fry. The popu- 
lation of grass shrimp was so reduced after the toxa- 
phene application that no further sampling of the or- 
ganism was possible for the following 6 weeks. 


Because of the nature of toxaphene, residue levels could 
not be quantitated. Only minute quantities of toxaphene 
were detected in the water following the fish kill. Fur- 
thermore, the limited persistence of toxaphene pre- 
vented accumulation of residues in most organisms of 
the ecosystem. Residues were detected in several aquatic 
feeding birds (Louisiana heron: Hydranassa tricolor; 
lesser yellow legs: Totanus flavipes; and black skimmer: 
Rynchops nigra), in two species of live fish (gar, and 
flounder: Platichthys flesus), and in certain aquatic 
insecis (dytiscids). Blue crabs sampled contained no 
detectable residues, nor were toxaphene residues de- 
tected in any other terrestrial organisms of the area. 


The significance of the input of toxaphene into the 
ecosystem was difficult to evaluate. Reduction of orga- 
nisms was temporary and repopulation occurred within 
days or weeks. No long-term changes in species com- 
position and diversity were noted. The lack of persist- 
ence of the pesticide prevented significant biological 
accumulation of the residue. 


RESIDUES AND REPRODUCTION 

The increased metabolic activity accompanying repro- 
duction and the high lipid content of eggs would favor 
accumulation or deposition of pesticides in both repro- 
ductive organs and eggs. The deposition of pesticides in 
reproductive materials could have an important effect 
on the reproductive success of an organism and ulti- 
mately could affect the natural history of the species. 


Levels of pesticides were determined for body tissues 
and eggs of two Lepisosteus oculatus collected in the 
study area and are reported in Table 6. In the case of 
nearly every residue present, a tenfold increase in con- 
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TABLE 5.—Pesticide residues present in bluegill (Lepomis 
macrochirus), menhaden (Brevoortia sp.), and other species 
of fish before and after pesticide application 





RESIDUE, PPB (“G/KG)*:* 
TIME, 
wk! | 
7 | 





ORGANISM ALDRIN | DIELDRIN| DDE DDT 





| L. Macrochirus ND 9 ND ND 
” ND 34.0 ND 
- 92.0 





“ 45.0 
“ | 3 410.0 





“ | 64.6 


Brevoortia sp. 


Micropogon undu- 
latus (croaker) 


| Syngnathus sp. } 
(pipefish ) } . 555.0 





| Mugil sp. 
(mullet) I 104.0 


53.0 


Ictalurus punc- 
tatus (catfish) 107.0 


13 Platichthys flesus 
(flounder ) - 235.0 ~ oon —_ 











' Represents no. of weeks before (—) or after planting of aldrin- 
treated seed rice. 

? Samples analyzed: whole body, wet weight. 

* ND = none detected (<yg/kg). 


TABLE 6.—Pesticide residues detected in tissues and eggs of 
Lepisosteus oculatus (spotted gar) after pesticide application 


RESIDUE, PPB (uG/KG)*-* 


TIME, 
wk! TISSUE 


ALDRIN | DIELDRIN 


| ppp | ppt 


x Liver-muscle 6 110.0 59. ND 6.4 
x Eggs aa 1210.0 5. 54.6 


8 Liver-muscle 15.1 209.0 é 22.0 




















8 Eges 49.8 


1280.0 | \ 148.0 


' Represents no. of weeks after planting of aldrin-treated rice. 
* Samples analyzed: tissue, wet weight. 
' ND = none detected (<ug/kg). 


centration was seen in eggs over the concentration in 
other body tissues. Such a phenomenon might be the 
result of high lipid content of eggs or possibly an active 
excretion of pesticides into reproductive materials. Both 
the dieldrin level and the high content of DDE could 
critically affect reproductive success of these fish. Envi- 
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ronmental levels of dieldrin producing 50 percent mor- 
tality in various fish were reported by Moore (30) to 
range from 100 to 250 ppb. The level of dieldrin in the 
microenvironment of the embryos in these fish eggs 
exceeded those levels. 


Discussion 


Our data suggest that the introduction of an organo- 
chlorine insecticide such as aldrin into a nattral eco- 
system is followed by certain predictable physical and 
chemical events. In the case of aldrin, specifi. ‘ly, one 
of the first events is a chemical alteration of the insecti- 
cide structure. In the present study epoxidation of aldrin 
to dieldrin occurred in both biotic and abiotic compo- 
nents of the ecosystem. The extent of the conversion of 
aldrin to dieldrin was evidenced by the fact that the pri- 
mary, and often only, residue detected in certain com- 
ponents of the ecosystem was dieldrin. Though detected 
in certain components early in the study, aldrin was 
noticeably absent in all components later on. 


Insecticide residues within the ecosystem became un- 
evenly distributed, exhibiting a predilection for biotic 
components. The phenomenon of biological magnifica- 
tion was evident at all trophic levels. Concentrations of 
residues in organisms ranged from 500 to 10,000 times 
the maximum residue concentration in water. Evidence 
of accumulation and passage of pesticides along food 
chains exists in the temporal relationships of biocide 
assimilation. Biological magnification and passage of 
insecticides along the food chain requires a stepwise 
process whereby residues are assimilated in lower trophic 
levels and subsequently passed to higher and higher 
levels. Such a process would exhibit a chronological se- 
quence in which residues first appear in the lower trophic 
levels. Only after a delay allowing for intermediate 
links in the chain would the residues become available 
for assimilation by organisms of the higher trophic 
levels. 


This phenomenon was evident in the organisms of the 
study area as illustrated in Figures 1-4. The higher the 
trophic level represented, the greater was the time lag 
before maximum residue concentration was reached. 
Delays occurred at each of several levels prior to assimi- 
lation of residue in the higher trophic levels. The assimi- 
lation and concentration of residue followed an orderly 
pattern which resembled closely that of energy flow 
through food chain relationships. 


In all cases, the maximum accumulation occurred 
within a short time following introduction of the in- 
secticide into the ecosystem. Peak levels were reached 
in all monitored organisms within days or weeks. The 
dissipation or degradation of residue following biological 
concentration exhibited certain common characteristics 
in almost every component of the environment. Kinetics 
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of insecticide loss resembled those of radioactive decay 
in that they were concentration-dependent. Loss of pes- 
ticide from water and most organisms appeared to fol- 
low a first-order reaction curve in which the rate of loss 
was directly proportional to the concentration of resi- 
due present. Mathematically this can be described as: 
dP 

- 

in which K = constant, P = 


- == PK 


residue concentration, 
dP 2 
and — GTP = Negative rate of change of P per unit 
time. A similar phenomenon was noted for residues 
in soil by Kearney et al. (28). This pattern of decline is 
evident in the graphic representation of residues in 
components of the ecosystem as illustrated in Figures 
1-4. It would appear that concentration-dependent rate 
of decay or loss of insecticide occurred in both biotic 
and abiotic components of the aquatic ecosystem. 


Sumunary 


The chlorinated hydrocarbon insecticide aldrin applied 
to the rather discrete confines of a ricefield exhibited a 
dynamic behavior which resulted in dispersion of resi- 
dues throughout the entire associated aquatic ecosystem. 
Though chemical alteration (aldrin — dieldrin) was 
extensive, dieldrin persisted in an active state for several 
months. Pesticides were rapidly concentrated in living 
organisms, apparently by both direct absorption of resi- 
dues from the milieu and indirect assimilation of resi- 


dues through the food web. Pesticides showed a tendency 
to concentrate selectively in certain tissues, notably re- 
productive tissues. This would indicate the need for 
careful study and evaluation of effects of such chemicals 
on fecundity and reproductive success of all organisms 
inhabiting areas of pesticide use. 


Accumulation of aldrin and dieldrin in both biotic and 
abiotic components of the ecosystem was followed by a 
decline, the kinetics of which resembled a first-order re- 
action. This resulted in a rapid depletion or loss of ex- 
tremely high levels of pesticide concentrated by orga- 
nisms, but allowed for long-term persistence of low levels 
of chemically active compounds. Studies of long-term 
effects of small, sublethal doses of pesticide would seem 
to be the most logical method for evaluating the ultimate 
effect of chlorinated hydrocarbon pesticides on living 
systems. 


Acknowledgments 


The authors wish to thank the Kinetics International 
Division of Ling-Temco-Vought, Inc., Tyler, Tex., for 
the gift of an all-terrain vehicle used in these studies. 
Appreciation is also extended to Thomas W. Duke, 
Ph.D., Director of the U.S. Environmental Protection 
Agency Laboratory, Gulf Breeze, Fla., and Lyle Wong, 


VoL. 8, No. 1, JUNE 1974 


Ph.D., research assistant, for reading this manuscript. 
Special thanks are due The Brown Foundation, Mrs. 
G. R. Canada, Mrs. Hubert Curlee, Charles Ezer, Joe 
Lagow, Ralph Leggett, William L. Moody IV, and J. 
Whitehead, who generously permitted us to use the study 
area described in this report. 


LITERATURE CITED 


(1) Anderson, B. G. 1959. The toxicity of organic insecti- 
cides to Daphnia. In Biological Problems in Water Pol- 
lution. Robert A. Taft Sanitary Engineering Center. 
Cincinnati, Ohio. pp. 94-95. 

Butler, P. A. 1962. Effects on commercial fisheries. In 
Effects of Pesticide on Fish and Wildlife in 1960. Bu- 
reau of Sport Fisheries and Wildlife Circular 143. Fish 
and Wildlife Service. U.S. Dept. of Interior. 

Butler, P. A. 1969. The significance of DDT residues 
in estuarine fauna. In Chemical Fallout. (Miller and 
Berg, ed.). Chas. C. Thomas Publisher. Springfield, II. 
Graham, R. J. 1959. Effects of forest insect spraying on 
trout and aquatic insects in some Montana streams. In 
Biological Problems in Water Pollution. Robert A. Taft 
Sanitary Engineering Center. Cincinnati, Ohio. pp. 
62-65. 

Henderson, C., Q. H. Pickering, and C. M. Tarzwell. 
1959. The toxicity of organic phosphorus and chlori- 
nated hydrocarbon insecticides to fish. In Biological 
Problems in Water Pollution. Robert A. Taft Sanitary 
Engineering Center. Cincinnati, Ohio. pp. 76-88. 
Loosanoff, V. L. 1959. Some effects of pesticides on 
marine arthropods and mollusks. In Biological Prob- 
lems in Water Pollution. Robert A. Taft Sanitary Engi- 
neering Center. Cincinnati, Ohio. pp. 89-93. 
Nicholson, H. P. 1967. Pesticide pollution control. 
Science 158:871-876. 

Wurster, C. F., Jr. 1968. DDT reduces photosynthesis 
by marine phytoplankton. Science 159:1474-1475. 
Keith, J. A. 1966. Reproduction in a population of her- 
ring gulls (Larus argentatus) contaminated by DDT. 
J. Appl. Ecol. 3 (Suppl.):57-70. 

Rudd, R. L. 1964. Pesticides and the Living Landscape. 
U. of Wis. Press. Madison, Wis. 

Butler, P. A. 1966. Pesticides in the marine environ- 
ment. J. Appl. Ecol. 3 (Suppl.):253-259. 

Chadwick, G. G., and R. W. Brocksen. 1969. Accu- 
mulation of dieldrin by fish and selected fish-food or- 
ganisms. J. Wildl. Manage. 33(3):693-700. 

Murphy, P. G. 1971. The effect of size on the uptake of 
DDT from water by fish. Bull. Environ. Contam. 
Toxicol. 6:38-45. 

Hunt, E. G., and A. 1. Bischoff. 1960. inimical effects 
on wildlife of periodic DDD application to Clear Lake. 
California Fish and Game 46:91-106. 

Hunt, E. G. 1966. Biological magnification of pesti- 
cides. In Scientific Aspects of Pest Control. Nat. Acad. 
Sci. Nat. Res. Counc. Publ. 1402. Washington, D.C. 
pp. 251-262. 

Woodwell, G. M., C. F. Wurster, Jr., and P. A. Isaac- 
son. 1967. DDT residues in an east coast estuary: a 
case of biological concentration of a persistent insec- 
ticide. Science 156:821-823. 

George, J. L., and D. E. H. Frear. 1966. Pesticides in 
the Anarctic. J. Appl. Ecol. 3 (Suppl.):155-167. 

Grosch, D. S. 1967. Poisoning with DDT: Effect on 
reproductive performance of Artemia. Science 155: 
592-593. 


31 





(19) Cairns, J., N. R. Foster, and J. J. Loos. 1967. Effects 


of sublethal concentrations of dieldrin on populations 
of guppies. Proc. Acad. Natur. Sci. Philadelphia 119: 
75-91. 

Meeks, R. L. 1968. The accumulation of “Cl ring- 
labeled DDT in a freshwater marsh. J. Wildl. Manage. 
32:376-398. 

Johnson, L. Y. 1962. Separation of dieldrin and endrin 
from other chlorinated pesticide residues. J. Ass. Offic. 
Agr. Chem. 45:363. 

Saha, J. G. 1971. Comparison of several solvents for 
extracting root absorbed radioactive dieldrin from 
wheat. J. Econ. Entomol. 64(1):50-53. 

Bonelli, E. J., and K. P. Dimick. 1964. Gas chroma- 
tography and electron capture for analysis of pesticides. 
In Lectures on Gas Chromatography. (Mattick and 
Szymanski, ed.). Plenum Press, New York. 

Cieplinski, E. W. 1964. Instrumental aspects of pesti- 
cide analysis by gas chromatography. In Lectures on 
Gas Chromatography. (Mattick and Szymanski, ed.). 
Plenum Press, New York. 


(25) Bowman, M. C., and M. Beroza. 1965. Extraction 


p-values of pesticides and related compounds in six 
binary solvent systems. J. Ass. Offic. Anal. Chem. 
48(5):943-954. 

Harris, C. R., and E. P. Lichtenstein. 1961. Factors 
affecting the volatilization of insecticides from soils. 
J. Econ. Entomol. 54:1038-1045. 


Kiigemagi, U., H. E. Morrison, J. E. Roberts, and 
W. B. Bollen. 1958. Biological and chemical studies on 
the decline of soil insecticides. J. Econ. Entomol. 51: 
198-204. 

Kearney, P. C., R. G. Nash, and A. R. Isensee. 1969. 
Persistence of pesticide residues in soils. In Chemical 
Fallout. (Miller and Berg, ed.). Chas. C. Thomas Pub- 
lisher. Springfield, Ill. pp. 54-67. 

Bann, J. M., T. J. DeCino, N. W. Earle, and Y. Sun. 
1956. The fate of aldrin and dieldrin in the animal 
body. J. Agr. Food Chem. 4:937-941. 

Moore, N. W. 1967. A synopsis of the pesticide prob- 
lem. Advan. Ecol. Res. 4:75-125. 


PESTICIDES MONITORING JOURNAL 





Selected Chlorinated Hydrocarbons in Bottom Material 
from Streams Tributary to San Francisco Bay’ 


LeRoy M. Law and Donald F. Goerlitz 


ABSTRACT 


As part of a study of the environmental quality of San 
Francisco Bay, bottom material from 26 streams tributary 
to the Bay were analyzed for chlordane, DDD, DDE, DDT, 
and PCB residues. These compounds were present in essen- 
tially all streams tested. Chlordane proved to be ubiquitous, 
with a concentration range similar to that of the other com- 
pounds. Noteworthy was the occurrence in one stream of 
polychlorinated naphthalene residues. Compounds occurring 
in concentrations above 20 yg/kg were identified in most 
instances by combined gas chromatography/mass spectrom- 
etry. 


Introduction 


San Francisco Bay is one of the principal aquatic re- 
sources of the State of California. Millions of people re- 
siding on or near the shores of the Bay utilize its waters 
for recreation, waste disposal, mining of commercially 
valuable salts and minerals, marine navigation, fishing, 
and general aesthetic enjoyment. The Bay receives wa- 
ters from many sources, large and small, which drain 
a densely urbanized area developed agriculturally and 
industrially. In order to assess the potential contamina- 
tion of the Bay from chlorinated hydrocarbon com- 
pounds, the U.S. Department of the Interior—Geologi- 
cal Survey initiated a study in February 1972 to obtain 
background information. Of special interest was the 
input attributable to the numerous streams that dis- 
charge into San Francisco Bay. 


1 U.S. Department of the Interior—Geological Survey, Menlo Park, 
Calif. 
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The worldwide distribution of residues of DDT and 
PCB’s (polychlorinated biphenyls) is well established 
(/-11). Furthermore it has been demonstrated (/2) that 
PCB’s are accumulated and concentrated in certain or- 
ganisms by as much as five orders of magnitude 
greater than the organism’s aquatic environment. Wood- 
well and coworkers (/3) have studied the biological 
concentration of DDT residues in organisms of increas- 
ing trophic levels and found it to be more than three 
orders of magnitude. Most chlorinated hydrocarbon 
pesticides are only slightly soluble in water and usually 
enter the hydrologic environment sorbed onto partic- 
ulate matter (14). Even when dispersed in aqueous media 
they sorb onto sediment (/5). For example, Bevenue 
et al. (/6) found that the ratio of chlorinated pesticides 
associated with sediment to that in solution was 9,000 
to 1. PCB’s, because of their similarity in chemical 
properties to some insecticides, can be expected to 
behave in a water/sediment mixture in a like manner. 
Depending upon flow conditions sorbed compounds may 
be either in transport or deposited as part of the stream- 
bed matrix. Hence it was decided to survey the numerous 
Bay-area streams by analyzing the bottom material. 


Nisbet and Sarofim (/7) have estimated that of the 5 x 
10° tons of PCB's produced in the United States during 
1930-70, approximately 3.9 x 10° tons, or 78 percent, 
have been lost to the environment. Riseborough and 
de Lappe (/8), in discussing the mass balance of pollu- 
tants, state that in the last 15 years, 6 x 10! g (6.6 x 
104 tons) per year of DDT have been manufactured in 
the United States for both domestic use and export. 
Because DDT is intentionally applied to the earth, vir- 
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tually all of it has been lost to the environment, whereas 
PCB’s are leaked to the environment by usage. In view 
of these large production figures the chlorinated hydro- 
carbon compounds DDT and PCB were considered the 
most likely pollutants to be found. Therefore, these 
compounds were chosen for study and this report sum- 
marizes the findings. 


Sampling and Analytical Procedure 


In February and March 1972, bottom material from 26 
streams that discharge into San Francisco Bay was col- 
lected for analysis. Sampling sites are shown in Figure 
1. The bottom material was collected in wide-mouth 
glass bottles equipped with Teflon-lined screw-top clos- 
ures. Samples of soft bottom material were obtained by 
scooping directly with the glass bottle. When the tex- 
ture of the bottom material prevented this method, 
samples were obtained by scooping the material with a 
chromium-plated garden trowel and then placing the 
sample in a bottle. All implements and bottles had been 
freed of any contaminants that would interfere with 
analysis. 


Upon receipt in the laboratory the samples were wet- 
sieved through a screen with a 2-mm-pore diameter to 
isolate the material most likely to be transported during 
high flow. The immersed-screen method described by 
Guy (19) was followed, using water collected with the 

















FIGURE 1!.—Map of San Francisco Bay area showing 
stream bed sites sampled for chlorinated hydrocarbons 
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bed material instead of distilled water. The liquid phase 
was separated from the solid material that passed 
through the screen by allowing the mixture to stand for 
several hours and decanting as much water as possible. 
Finally, the sieved sample was stored at 4°C to inhibit 
microbial degradation until extraction was initiated. 


The procedure used in this study was a slightly modified 
version of the Geological Survey method for analyzing 
aquatic sediments for insecticides (20). A 25-g subsample 
of the wet bottom material was placed in a glass-stop- 
pered flask and shaken for 20 minutes with 20-ml redis- 
tilled pesticide-grade acetone. Fifty ml of redistilled 
pesticide-grade hexane was added to the acetone/bottom- 
material slurry, and shaken for an additional 5-10 
minutes. The extractant was decanted into a separatory 
funnel containing 500 ml of organic free distilled water. 
In a similar manner the extraction was repeated two 
more times, the only difference being that the volume 
of acetone used was reduced from 20 ml to 10 ml. The 
combined extracts were washed with three 500-ml vol- 
umes of distilled water and placed over anhydrous 
sodium sulfate to dry. After drying, the solvent volume 
was reduced to a few milliliters using a Kuderna-Danish 
evaporative concentrator and finally to a few tenths of 
a milliliter by evaporation under a stream of warm dry 
nitrogen. Mean recovery for the insecticides DDD, 
DDE, and DDT was 92, 99, and 99 percent, respectively. 
Mean recovery for PCB was 100 percent. 


The compounds were initially isolated from interfering 
coextractives by adsorption chromatography. The con- 
centrated extract was placed on a 1-by-8-cm column of 
alumina deactivated 9 percent by weight with water and 
eluted with 20 ml of hexane. The eluate volume was 
reduced to a few tenths of a milliliter and transferred to 
a second 1-by-8-cm chromatographic column of silica 
gel deactivated 3 percent by weight with water. Sufficient 
hexane was added to the column to total exactly 25 ml 
of eluate. At this point the elution solvent was changed 
to benzene and an additional 10 ml of eluate was col- 
lected separately. The PCB’s were thereby isolated in the 
first fraction collected from the silica-gel column, and the 
DDT family and chlordane were in the second fraction. 


Finally the extracts were treated with metallic mercury, 
following the procedure of Goerlitz and Law (2/), for 
the removal of sulfur interferences. The purified extracts 
were subjected to gas-chromatographic analysis for iden- 
tification and quantitation of components. Two Varian 
Aerograph Model 600D gas chromatographs were used. 
The instruments were fitted with concentric-type tritium 
foil electron-capture detectors and connected to Honey- 
well recorders through an Infotronics Model CRS 100 
electronic integrator. One chromatograph was equipped 
with a glass column 1.8 m long by 1.8 mm i.d., packed 
with 60-80-mesh Chromosorb W-HP coated with OV-1 
3 percent by weight. The other chromatograph was 
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equipped with a glass column of the same dimensions, 
packed with 100-120-mesh Supelcoport coated with 
OV-17 1.5 percent by weight and QF-1 1.95 percent by 
weight. Operating conditions for both chromatographs 
were: oven temperature, 195°C; inlet temperature, 210° 
C; and nitrogen carrier gas flow rate, 30 ml/min. 


The DDT family of pesticides were measured by com- 
paring the area under the chromatographic peaks with 
the area of appropriate standards. Multiple peak resi- 
dues such as chlordane and PCB’s were quantitatively 
measured by comparing the sum of the areas of the 
two most prominent peaks with the appropriate analyti- 
cal standards. The approximate minimum detectable 
concentrations of the compounds reported, employing 
the stated analytical conditions, are as follows: DDE: 
0.05 x 10-® yg/kg; chlordane, DDD, 0,p’-DDT, and 
p,p’-DDT: 0.1 x 10-* wg/kg; and PCB: 1 x 10-° yg/kg. 
When the concentration of any component of interest 
was great enough, combined gas chromatography/mass 
spectrometry was used to confirm the identity of the 
compound. A Finnigan Instrument Corporation Model 
1015 quadrupole mass spectrometer and Systems Indus- 
tries System 150 computerized controller and data out- 
put system were used. The mass spectrometer was 
connected to a Varian Aerograph Model 1700 gas chro- 
matograph via a glass jet separator. The gas chromato- 
graph was equipped with a glass column 1.2 m by 2 mm 
i.d., packed with Gas Chrom Q coated with OV-1 3 
percent by weight. The temperature of the column oven 
was programmed at a rate of 6°C/min from 175° to 


235°C and then held isothermally until completion of 
analysis. Helium was used as a carrier gas at a flow 
rate of 30 ml/min. 


Results and Discussion 


Results of the analysis of bottom material samples from 
San Francisco Bay Area streams are given in Table 1. 
Residue concentrations, uncorrected for percent recovery, 
are expressed as g/kg based on the oven-dried weight 
of the bottom material, determined on a separate sub- 
sample. Site numbers referred to in Table 1 are the 
numbered sampling sites on the map in Figure 1. All 
residue identities in Table 1 were established by elution 
order when the sample extracts were subjected to column 
chromatography and by peak matching when analyzed 
by electron-capture gas chromatography. When concen- 
tration values were great enough, a gas chromatograph/ 
mass spectrometer (GC/MS) was used to confirm the 
identity of a residue. Those residues that were confirmed 
by GC/MS are noted in Table 1. 


Because this study was exploratory in design and scope, 
quantitative conclusions should not be drawn; however, 
certain generalizations can be observed. Chlorinated 
hydrocarbon residues were found in all stream bed sam- 
ples analyzed, thus illustrating their widespread distri- 
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TABLE 1.—Chlorinated hydrocarbon residues found in San 
Francisco Bay Area streams 





RESIDUE CONCENTRATION IN 4G/KG 3:2 





SITE 
No. STREAM 





Colma Creek 
Colma Creek 
Belmont Creek 
Cordilleros Creek 
Cordilleros Creek 
Redwood Creek 


San Francisquito 
reek 


§|8 |Z 3(S | CHtorvane 


~~ 
— 


San Francisquito 
Creek 


Los Trancos Creek 
Stevens Creek 
Stevens Creek 

Los Gatos Creek 
Los Gatos Creek 
Guadalupe River 
Guadalupe River 
Alamitos Creek 
Coyote Creek 
Coyote Creek 
Alameda Creek 
Alameda Creek 52 ‘ , 2.1 
Arroyo de la Laguna 23 “ 73 
Arroyo de la Laguna E s 1.3 
San Lorenzo Creek : : : : 1.7 
Wildcat Creek 87 ‘ 4 6.5 
Wildcat Creek J Ri ‘ 9.7 
San Pablo Creek 2 . . 3.6 
Union Creek J 2.8 
Green Valley Creek 
Napa River ; ; 2.3 
Napa River ; 46 9.7 73 
Napa River 2.8 8.4 
Sanoma Creek : é 1.9 
Petaluma River ; ; 3.8 ye 
Navato Creek 62 : . 2.4 10 
Miller Creek a 13 8.4 
San Rafael Creek 120 61 38 Si 
Corte Madera Creek 8.7 48 
Corte Madera Creek 42 6.7 41 


Arroyo Corte Madera 
del Persidio z 1 16 























Based on oven-dry weight of stream bed material uncorrected for per- 
cent recovery. 

2 Underlined values indicate mass spectrometric confirmation of residue 
identity. 

* The presence of 55 ug/kg of polychlorinated naphthalenes (PCN) 
obscured any PCB's present. PCN was identified by gas chromato- 
graph/mass spectrometer. 


bution in the San Francisco Bay area. Initially only the 
presence of the DDT family of compounds and the 
PCB’s had been anticipated with any certainty, due to 
their established ubiquity. This investigation soon showed 
the insecticide chlordane to be as prevalent as the other 
target compounds; it appeared in 92 percent of the 39 
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samples analyzed. Both the PCB’s and chlordane evi- 
denced a wide range in concentration, from 1 to greater 
than 1,000 pg/kg. In spite of this extreme range there 
does not seem to be a significant difference between the 
average residue concentrations of streams discharging 
into the Bay south of San Francisco and those discharg- 
ing into the Bay north of San Francisco. Significantly, 
only 3 of the 39 streams tested contained residues of the 
DDT family in quantities greater than those of PCB 
or chlordane. 


Although a widespread occurrence of PCB’s had been 
expected, two sampling sites showed residue levels much 
higher than anticipated. On Stevens Creek site 10 had 
residue levels of 180 yug/kg; on Alamitos Creek site 16 
had levels of 610 ywg/kg. Neither area has any apparent 
industrial or commercial development. The sample from 
site 14 on the Guadalupe River contained 55 pg/kg of 
polychlorinated naphthalenes. This is an industrial com- 
pound similar in properties and uses to PCB’s. This 
sample, too, came from an area of no apparent industrial 
activity. Nonachlor, a component of commercial-quality 
chlordane, was often found in relatively higher concen- 
trations in bottom material samples than in freshly pre- 
pared standards. This suggests that nonachlor may be 
more resistant to degradation than either the a or y 
isomers of chlordane. 
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Organochlorine Residues in Golden Eagles, United States— 
March 1964-July 1971 * 


Russell F. Reidinger, Jr.,> and D. Glen Crabtree * 


ABSTRACT 

Since 1964, golden eagles (Aquila chrysaetos) collected dead, 
dying, or incapacitated in the United States have been ana- 
lyzed for organochlorine residues under the National Pes- 
ticides Monitoring Program. This paper reports residues 
found in 134 brain, heart, kidney, liver, and muscle 
(BHKLM), 73 brain, and 102 fat samples representing 169 
golden eagles from 22 States. DDE was found most fre- 
quently, and usually in the greatest concentrations, in each 
sample type. Dieldrin was also common. Heptachlor epoxide, 
polychlorinated biphenyls (PCB’s), DDD, DDT, endrin, 
DDMU (l-chloro-2, 2-bis [p-chlorophenyl] ethylene), and 
aldrin were found less frequently. Variability of residue 
levels was great for all types of samples, and no regional 
patterns were evident. The data suggest that exposure to 
organchlorine pesticides has remained relatively constant 
from 1965 through 1970. Exposure is apparently through diet 
and not sufficient to warrant concern for direct nonsynergistic 
acute toxic effects. Sublethal effects are not precluded, how- 
ever. 


Of the 188 eagles found, 63 were examined for immediate 
cause of mortality. The most frequent causes appeared to 
be shooting and contact with power lines. 


Of the 169 eagles found, necropsy or residue analysis sug- 
gested deaths by unnatural causes for 63. Of these, deaths 
due to shooting or contact with power lines were most 
common; other factors included trapping, collision with 
vehicles, and chemical poisoning. The remaining 106 birds 
died from undetermined causes which undoubtedly included 
a high proportion of natural deaths. 


Denver Wildlife Research Center, U.S. Department of the Interior, 
Bureau of Sport Fisheries and Wildlife, Denver, Colo. 80225 

2 On assignment to U.S. Agency for International Development, Philip- 
pines APO 96528, San Francisco. 

‘ Retired. Formerly with Denver Wildlife Research Center, U.S. De- 
partment of the Interior, Bureau of Sport Fisheries and Wildlife, 
Denver, Colo. 80225. 
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Introduction 


The golden eagle (Aquila chrysaetos), a carnivore that is 
terminal in its food chain, has been selected by the 
Bureau of Sport Fisheries and Wildlife, U.S. Depart- 
ment of the Interior, as one of the species to be surveyed 
under the National Pesticides Monitoring Program (/). 
Under this program, golden eagles found in the United 
States that are dead, dying, or severely incapacitated are 
sent through U.S. Game Management Agents or Na- 
tional Wildlife Refuge Managers to Wildlife Research 
Centers for gross examination or necropsy and for 
organochlorine residue analysis. This paper reports 
necropsy and residue findings for 169 golden eagles 
received in this manner from 22 States by the Denver 
Wildlife Research Center between March 1964 and 
February 1970. 


Materials and Methods 


Whole birds and tissue samples were usually received 
frozen at the laboratory and were stored frozen until 
analysis. Most whole birds were examined for gross 
evidence of death due to unnatural causes, including 
shooting, impact on power lines, and chemical poisoning. 
A few were decomposed extensively, precluding 
necropsy. The birds were then dewinged, debeaked, and 
skinned for tissue sample removal. Usually a composite 
of 5 g each of brain, heart, kidney, liver, and muscle 
(BHKLM) was selected. In some cases fat and/or brain 
samples were taken. 


Samples to be analyzed were blend-desiccated with so- 
dium sulphate (5 parts to 1 part of sample) and Soxhlet- 
extracted for 6 hours with 1:9 diethyl-ether:petroleum- 
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ether. Extractants were evaporated, crude lipids were 
determined gravimetrically, and the sample was taken 
up in hexane and partitioned with acetonitrile by a pro- 
cedure similar to that of Mills (2). Additional interfering 
substances were removed by liquid adsorption chro- 
matography (2), co-sweep distillation (3), or both. Va- 
rious other cleanup and separative techniques, such as 
treatment with fuming sulfuric acid or chromatography 
with magnesia or alumina columns, were used when 
necessary. Recovery of organochlorine insecticides from 
eagle tissue by the above technique was 90 + 10%. 


Sample residues were usually determined by gas-liquid 
chromatography (GLC) using tritium-activated, concen- 
tric-tube, electron-capture detectors. The most frequently 
used GLC operating parameters are presented in Table 
1. In most cases, a Dow-200 column was used for sepa- 
ration, identification, and quantitation, and a QF-1 (FS- 
1265) column was used for confirmation. When residue 
levels permitted, futher confirmation was performed 
by thin-layer chromatography with laboratory-prepared 
plates or Eastman Chromatogram (F) alumina- or silica- 
gel films. 


TABLE 1.—Normal operating parameters for gas-liquid 
chromatography, with tritium electron-capture detection 





CoLuMns (Grass, 5’ x %” O.D.) 





QF-1 Dow-200 





Liquid phase 5% 5% 
Mesh size, H.P. chromasorb W 80-100 8-100 
Ne flow rate, ml/min 50 50 
Temperature, °C 175 185 
Retention time of aldrin, min 3.3 6.5 











Plates and films were developed with 0.5% methanol 
and 2.5% benzene in 2,2,4-trimethyl pentane (v/v); 
spots were visualized by silver nitrate spraying and ultra- 
violet exposure. The sensitivity of this procedure was 
greater than 0.1 ppm for organochlorine residues and 
1.0 ppm for PCB's. 


Results and Discussion 


Median values are presented instead of means because 
of the skewness of the data and the need for comparison 
with the literature. Residue levels reported in this study 
have not been corrected for percent recovery of pes- 
ticides from eagle tissues. 


Organochlorine residues were determined in 134 
BHKLM, 102 fat, and 73 brain samples representing 
169 golden eagles. Table 2 shows the frequency of oc- 
currence of the nine organochlorine compounds found 
in the samples,, DDE being most ubiquitous. As shown 
in Tables 3-4, residues were generally greatest in the fat 
samples, intermediate in BHKLM samples, and least in 
the brain samples. 
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TABLE 2.—Frequency of occurrence of nine organochlorine 
residues in golden eagle samples 





NUMBER OF SAMPLES CONTAINING RESIDUES ! 





BHKLM (134) Fat (102) BRAIN (73) 





ORGANOCHLORINE 
RESIDUES 


No. WITH 
RESIDUES 
No. WITH 
RESIDUES 
No. WITH 
RESIDUES 





N 
~ 


94.8 
70.7 
17.2 


8 


DDE 
Dieldrin 
Heptachlor epoxide 


PCB’s (polychlori- 
nated biphenyls) 14.9 


DDD qs 
DDT 3 ye 4 7.8 
Endrin 23 5 49 
DDMU 1.5 0 0.0 
Aldrin 0.7 3 2.9 


al 
oo 
mal 
.-) 
ua 3s& 


N 
ow 
i) 
N 


12.7 
12.7 


_ 


wv 
=) 
ee 


— 
cow Ww 























1 Total number of golden eagles represented = 169. 


Table 3 gives the median, range, and number of sam- 
ples with each organochlorine insecticide residue for 
each sample type according to State. These data are 
generally too variable and sample size is too small to 
permit meaningful statistical comparisons between States 
or regions. From the data available, it appears that ex- 
posure of individual golden eagles to organochlorine 
insecticides is quite variable but falls within approxi- 
mately the same range across the country. 


As shown in Table 3, DDE was found in at least one 
golden eagle from each of the 22 collection States. Few 
of the samples contained alarmingly high residues, how- 
ever. Four of the fat samples contained over 40 ppm 
DDE (50-84 ppm), two of the BHKLM samples con- 
tained over 20 ppm DDE (24-25 ppm), and four of the 
brain samples contained over 2 ppm DDE (2.3-9.9 ppm). 
According to the general guidelines given by Stickel 
et al. (4) in their study of DDE residues in cowbirds 
(Molothrus ater), these residues are not sufficiently high 
to cause direct, nonsynergistic acute toxicity to eagles. 


Golden eagles from all 22 States contained a median of 
0.3 ppm DDE in BHKLM, 3.0 ppm in fat, and 0.1 ppm 
in the brain for the years 1964-70. These are higher 
levels than those of DDT and DDD in all sample types, 
indicating that most exposure to DDT and metabolites 
was not recent or was dietary. The DDE levels, however, 
are considerably lower than the lowest median DDE 
residue of 4.92 ppm in the carcass and 0.92 ppm in the 
brain of bald eagles (Haliaeetus leucocephalus) as re- 
ported by Mulhern et al. (5) for the years 1966-68, and 
7.80 ppm in the carcass and 1.00 ppm in the brain of 
bald eagles as reported by Reichel et al. (6) for the 
years 1964-65. The lower residue content in the golden 
eagle compared to that in the bald eagle probably re- 
flects their differing diets. The golden eagle’s preferred 
diet of terrestrial herbivores such as rabbits and rodents 
(7,8,9) places it at the end of a shorter food chain than 
that of the bald eagle, which frequently takes fish (/0). 


PESTICIDES MONITORING JOURNAL 





Reichel et al. (6) also presented residue values for 21 
golden eagle samples collected in 1964 and 1965, mostly 
in South Dakota. These birds also contained residues 
lower than those in bald eagles, with median values of 
0.49 ppm DDE and 0.09 ppm dieldrin in the carcass, 
and 0.10 ppm DDE and less than 0.05 ppm dieldrin in 


the brain. The 40 golden eagle samples from South Da- 
kota for the years 1964-70 presented in Table 3 con- 
tained similar residue levels: median values of 0.2 ppm 
DDE and less than 0.1 ppm dieldrin in BHKLM; less 
than 0.1 ppm DDE and 0.1 dieldrin in the brain. 


TABLE 3.—Organochlorine residues in golden eagles, listed by compound and State— 1964-70 


Residues in ppm, wet-weight basis 





BHKLM 


BRAIN 


FaT 





MEDIAN 


RANGE 


MEDIAN 


RANGE 


MEDIAN | RANGE 





DDE 





Alaska 
Ariz. 
Ark. 
Calif. 
Colo. 
Idaho 
Ill. 

Ind. 
Iowa 
Md. 
Minn. 
Mo. 
Nebr. 
Nev. 

N. Mex. 
N. Dak. 
Okla. 
Oreg. 
Pa. 

S. Dak. 
Utah 
Wis. 
All States 


_ 


N 
BP en mgi'bata. a eater eu | 


> 
wae sa | — CO — 


— 
N 
x 


<0.1-0.2 


<0.1-0.5 
<0.1-4.6 
<0.1-1.9 

0.1-9.9 
<0.1-9.9 


1.8-40 
<0.1-26.0 
1.3-50 
1.3-55 
6.6-38 
1.0-28 
0.3-55 


<0.1-84 


1 
1 
5 
10 
2 
1 
1 
1 
5 
1 
28 
1 
8 
1 
2 
4 
23 
4 
1 
00 


1 





DIELDRIN 





Calif. 
Colo. 
Idaho 
Ill. 

Ind. 
Iowa 
Minn. 
Mo. 
Nebr. 
Nev. 

N. Mex. 
N. Dak. 
Okla. 
Pa. 

S. Dak. 
Utah 
All States 


<0.1 
<0.1 
<0.1 
<0.1 


<0.1 


<0.1 


<0.1-0.4 


<0.1-0.4 


0.2-6.6 


<0.1-12 





HEPTACHLOR EPOXIDE 





Ark. 
Calif. 
Colo. 
Md. 
Minn. 
Mo. 
Nebr. 
N. Dak. 
S. Dak: 
Utah 
All States 





<0.1 





<0.1-0.1 


<0.1-12.2 


<0.1-12.2 
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TABLE 3.—Organochlorine residues in golden eagles, listed by compound and State—1964-70—Continued 


Residues in ppm, wet-weight basis 





BHKLM 


BRAIN 





MEDIAN | RANGE 


MEDIAN | 


RANGE 





PCB 





<1.0 


2.1 <1.0-4.2 
Idaho 6.0 _ 
Ill. — 
Md. <1.0 
Minn. 
Mo. 
Nebr. 

N. Dak. 
Pa. 

S. Dak. 
Utah 
Wis.. 

All States 


5.0 


-—_N & We We 


Yy 
S 








Ark. 
Calif. 
Colo. 
Nebr. 
N. Mex. 
Okla. 

Pa. 

S. Dak. 
All States 


hab aie ‘mm ee 


<0.1-8.0 
<0.1-8.0 | 


i] 











(od mmo om om ms mt 


— 
w 











Ark. 
Colo. 
Idaho 
Minn. 
S. Dak. 
Utah 
All States 











Colo. 
Md. 
Nebr. 
N. Dak. 

All States 
































paperanian 








0.5-0.6 | FS 





ALDRIN 





Calif. ms <0.1 
Colo. 
S. Dak. 


All States 


<0.1 _ 
<0.1 1 <0.1 





' Number of specimens containing residue. Median is based on this number. 


Dieldrin occurred in 69 (68%) of the 102 fat samples 
analyzed (Table 2). Only 68 BHKLM samples (51%) 
contained dieldrin, and 44 of these contained less than 
0.1 ppm; the highest level of dieldrin was 4.4 ppm in a 
fat sample of a bird from Colorado (Table 3). Only 19 
brain samples (26% ) contained dieldrin, and 16 of these 
contained less than 0.1 ppm. The highest level found 
in the brain was 0.4 ppm in a bird from South Dakota. 
This is considerably lower than the minimum of 4 ppm 
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in the brain judged necessary for acute toxic effects by 
Stickel et al. (//). In contrast, Mulhern et al. (5) found 
that 8 of 69 bald eagles contained sufficiently high 
dieldrin levels in the brain to suggest dieldrin poisoning. 
The levels shown here in golden eagles do not preclude 
sublethal effects, however, as indicated by the studies of 
Lockie et al. (/2), Hickey and Anderson (/3), and Rat- 
cliffe (14). 
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PCB's were first quantified in golden eagles in this lab- 
oratory in 1967 (Table 4). Their presence in 20 of 113 
BHKLM samples from 1967-70 indicates their ubiquit- 
ous nature. 


Heptachlor epoxide, DDD, DDMU, DDT, endrin, and 
aldrin were seen in a few samples, usually in small quan- 
tities. The highest median levels were 0.5 ppm for DDD 
in fat samples and 0.6 ppm for DDMU in BHKLM sam- 


TABLE 4.—Organochlorine residues in golden eagles by vear—1964-70 


Residues in ppm, wet-weight basis 





BHKLM 


BRAIN 





MEDIAN | 


RANGE. a N 1 


Fat 





MEDIAN 


RANGE | 











DDE 


<0.1 
0.1 
<0.1 
0.1 
<0.1 
0.7 
0.1 


<0.1-4.6 
<0.1-1.4 

0.2-9.9 
<0.1-9.9 





DIELDRIN 





<0.1 
<0.1 
<0.1 
<0.1 


<0.1 


<0.1-0.4 


1EPTACHLOR EPOXIDE 





<0.1-0.2 
<0.1-12.2 
<0.1-0.6 
<0.1-0.2 


<0.1-12.2 


<0.1 
<0.1 
0.1 


wo 
weno aw 


N 


mal 
a 


| 
= 





<0.1-6.5 
0.8-26 
0.3-40 
<0.1-84 
<0.1-55 
0.3-35 
11.0-55 
<0.1-84 





<0.1-12 
<0.1-2.2 
<0.1-2.4 
<0.1-3.1 
<0.1-6.6 
0.2-4.6 


<0.1-12 








<0.1-1.2 

0.5-1.1 
<0.1-2.4 
<0.1-1.4 
<0.1-1.2 
<0.1-0.4 


<0.1-2.4 

















1965 
1966 
1967 
1968 
1969 
1970 
1964-70 
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TABLE 4.—Organochlorine residues in golden eagles by year—1964-70—Continued 


Residues in ppm, wet-weight basis 





BRAIN 





MEDIAN | RANGE | N? 


MEDIAN 





ENDRIN 


























<0.1 <0.1 


























1 Number of specimens containing residue. Median is based on this number. 


ples (for median levels in birds from all States, see 
Table 3). Each of these insecticides had a median of 
less than 0.1 ppm in the brain. 


The data in Table 4 suggest that exposure of golden 
eagles to organochlorine insecticides has not changed 
significantly from 1964 through 1970. The years with the 
largest sample sizes (1966-69) indicate no important 
changes in exposure. The median concentrations of 
DDE, which is represented by the largest number of 
samples, ranged only from 0.2 to 0.4 ppm in BHKLM 
samples, and from 2.8 to 4.2 ppm in the fat samples 
during these years. This is similar to the findings re- 
ported by Mulhern et al. (5) for bald eagles. 


Cases in which necropsy or residue analysis indicated 
the probable cause of death are listed in Table 5. Of 


TABLE 5.—Probable cause of death of 169 golden eagles as 
determined by necropsy or residue analyses 


PROBABLE CAUSE OF DEATH 





NUMBER 





Shooting 

Impact on power line or electrocution 
1080 (sodium monofluoroacetate ) 
Trapping 

Collision with vehicle 

Strychnine 

Cyanide 

Unknown 
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the 63 eagles included, 33 died from shooting or contact 
with power lines (collision or electrocution). Six of the 
eagles killed by 1080 (sodium monofluoroacetate) were 
collected in 1966, three in 1968, and two in 1969. Most 
of the specimens examined died from undetermined 
causes, which undoubtedly included a high proportion 
of natural deaths. 
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Toxaphene Content of Estuarine Fauna and Flora Before, During, 
and After Dredging Toxaphene-Contaminated Sediments’ 


Robert J. Reimold and Charles J. Durant 


ABSTRACT 


This paper evaluates toxaphene concentrations in selected 
estuarine fauna, flora, sediment, and dredge spoil before, 
during, and after the dredging of Terry Creek, Brunswick, 
Ga., in autumn 1972. This is the second effort to widen the 
channel of the creek, which receives the effluent from a 
nearby toxaphene-manufacturing plant; a 1971 dredging ef- 
fort was aborted by the State of Georgia. The current study 
employed safeguards inspired by the 1971 State action: en- 
closure of dredge spoil in diked areas of unproductive marsh- 
land to prevent runoff, and weekly monitoring of Terry Creek 
biota and sediment to detect the possible role of toxaphefte 
in any resulting disturbance to the balance of nature. Moai- 
toring of dredge spoil, fauna, and flora showed toxaphene 
concentrations to be higher during dredging than before or 
after. Eastern oysters (Crassostrea virginica), reported to be 
among the best biological monitors, did not demonstrate 
large changes in toxaphene content resulting from the dredg- 
ing. The high toxaphene concentration in oysters ranged be- 
tween 2.0 and 5.0 ppm. The best indicators evaluated were 
salt marsh cordgrass (Spartina alterniflora) and mummichog 
(Endulus heteroclitus). The highest content found in S. alter- 
niflora was 7.5 ppm; the highest concentration in F. hetero- 
clitus was over 200 ppm. 


Introduction 


A unique occasion to study the dispersal of the chlori- 
nated hydrocarbon, toxaphene, and the relation of its 
concentration to waterway maintenance dredging arose 
near Brunswick, Ga. Terry Creek, which receives the 
effluent from a toxaphene-manufacturing plant, was the 


' Contribution No. 30, University of Georgia Marine Institute, Sapelo 
Island, Ga. 31327. 
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site of a recent dredging operation. An earlier operation 
(1) had been aborted after 100 yards of dredging, when 
the State of Georgia objected that toxic products in the 
undiked spoil sediment might drain through the marsh- 
land on which the spoil was being deposited. Such 
drainage would contaminate both the potentially pro- 
ductive marshland and the estuarine ecosystem into 
which it drained. The current study initiated safeguards 
against such a contingency: enclosure of dredge spoil in 
diked areas of marshland which had been identified by 
remote sensing techniques (2,3) as less productive than 
the marshland initally used as deposit sites; and weekly 
monitoring of Terry Creek biota and sediment to detect 
the possible role of toxaphene in any resulting disturb- 
ance to the balance of nature. 


The monitoring program which the U.S. Army Corps 
of Engineers, Savannah District, outlined in response 
to the State of Georgia was designed to document at 
weekly intervals the possible role of toxaphene in any 
ecologic disturbance resulting from the dredging of 
Terry Creek. Toxaphene concentrations were measured 
in selected estuarine fauna, flora, sediment, and dredge 
spoil during dredging. Findings were compared to the 
authors’ earlier baseline studies of pesticide concentra- 
tions in the estuarine ecosystem, which revealed toxa- 
phene in many portions of the food web and highly 
concentrated in the sediments of the creek (4). 


Methods 


Terry Creek was dredged by hydraulic pumping and 
5 x 10® cubic yards of spoil was placed in two diked 
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areas on a nearby salt marsh (areas C and D, Fig. 1). 
Collection sites for environmental samples are indicated 
in the same figure: A) Back River Bridge; B) mouth of 
Terry Creek; C) west dredge spoil area near the toxa- 
phene plant outfall; D) east dredge spoil area near Back 
River; and E) main channel of Terry Creek. Field col- 
lections were obtained at weekly intervals beginning one 
week before dredging operations started on September 
7, 1972, and terminating 8 weeks later, 1 week after the 
completion of all dredging on October 26, 1972. Addi- 
tional baseline data on the toxaphene content of Terry 
Creek organisms were collected during 1970 and 1971 
and followup collections continued at monthly intervals 
for several months. Environmental samples included 
finfish collected by otter trawl and cast net in the main 
channel of Terry Creek; salt marsh cordgrass (Spartina 
alterniflora) collected near the dredge spoil dike areas; 
sediment collected from the mouth of Terry Creek and 
from within each of the diked spoil areas; and oysters 
(Crassostrea virginica) collected from Back River 
Bridge. 

















FIGURE 1.—Geographic location of collection sites near 
Terry Creek, Brunswick, Ga., 1972 


Samples were processed and analyzed for toxaphene ac- 
cording to authors’ methods in the earlier baseline 
studies (4) and the technique of Wilson (5). Specific de- 
tails are summarized in Table 1. Chromatograms of 
environmental samples were so similar to chromato- 
grams of technical grade toxaphene standard that no 
polychlorinated biphenyls were indicated. All concen- 
trations are expressed in parts per million (ppm) wet 
weight except S. alterniflora which is based on dry 
weight. Prior to analysis, S. alterniflora plant parts were 
given four rinses in tap water to remove surface salt 
deposits. Each leaf and stem was then blotted dry with 
tissue to remove residual rinse water. The relative re- 
covery from oysters and sediment was above 85 percent 
and 90 percent, respectively. Data were not corrected 
for this error and concentrations below 0.25 ppm were 
considered insignificant with the exception of those in- 
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cluded in water samples. Concentrations less than 
0.0010 ppm were considered below the limits of detec- 
tion. 


TABLE 1.—Summary of column packing and operating 
parameters used for toxaphene analysis 





Column: 5 ft by % in., glass, packed with 3% DC-200 on Gas 


Chrom Q, 80/100 mesh 


Temperature: Detector 210°C 
Injector 210°C 
Oven 190°C 


Carrier: Prepurified nitrogen at a flow rate of 40 ml/min 





Results 


Results of toxaphene analyses in fauna, flora, and sedi- 
ment reveal that toxaphene was generally higher in 
dredge spoil sediment than in any other samples proc- 
essed (Table 2). Comparisons of concentrations in mum- 
michog (Fundulus heteroclitus), white shrimp (Penaeus 
setiferus), marsh grass, and sediment show that, except 
for dredge spoil within the diked areas, concentration 
rarely exceeded 10.0 ppm (Fig. 2-10). 


Butler (6) demonstrated that shellfish can produce bio- 
logical magnification of pesticide levels up to 70,000 
times those of surrounding water. Yet the levels in oys- 
ters collected at Back River Bridge (Fig. 1) adjacent to 
the mouth of Terry Creek never exceeded 2.0 ppm dur- 
ing the dredging operation. 


Toxaphene concentrations in dredge spoil from the wes- 


tern enclosure close to the toxaphene plant outfall (Fig. 
1) neared 1,000 ppm (Fig. 5). The highly contaminated 
sediment in both the western and eastern enclosures was 
held within two dikes (Fig. 1) and did not appear to 
influence the surrounding biota. 


Background toxaphene concentrations in 1970-71 col- 
lections of fauna, flora, and sediment exhibited higher 
values than 1971-72 concentrations. The latter values 
remained about the same before and after dredging, 
reflecting in part the pollution abatement practices initi- 
ated at the toxaphene production plant which greatly 
decreased the quantities of toxaphene in the plant 
effluent. 


Discussion 


Toxaphene contamination appears to be best indicated 
by the marsh grass (S. alterniflora). Various species of 
fish are also good indicators of the increased toxaphene 
in the suspended material and water. Although Butler 
(6) has suggested that shellfish are among the best bio- 
logical monitors for pesticide residues, the results of this 
study suggest that marsh grass and finfish accumulate 
toxaphene to a greater degree than oysters (Crassostrea 
virginica) when all are collected from the same geo- 
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TABLE 2.—Toxaphene concentrations, ppm, found during fall 1972 monitoring of Terry Creek dredging operation’ 





REPLI- CRUISE CRUISE CRUISE CRUISE CRUISE CRUISE CRUISE CRUISE 
CATE No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 
No. (SEPT. 2) (Sept. 14)| (Sept. 21) | (Sept. 28) | (Oct. 5) | (Oct. 12) | (Oct. 19) (Oct. 26) 





Mummichog (Fundulus heteroclitus) 10.45 NSC NSC 10.52 NSC 131.14 12.07 NSC 
8.97 NSC NSC 3.41 NSC 217.14 5.18 NSC 


Salt marsh cordgrass (Spartina alterniflora) 0.82 1.13 0.73 2.04 0.81 3.93 7.33 1.69 
0.76 1.56 0.56 2.54 0.91 3.68 6.26 2.92 


Eastern oyster (Crassostrea virginica) 1.20 1.42 1.55 1.21 1.26 1.19 1.70 0.94 
1.37 1.33 1.71 1. 1.23 1.24 1.79 0.95 


5.56 0.87 2.11 5.55 3.97 2.11 2.64 
4.20 0.94 2.68 7.24 4.06 2.23 3.74 


0.81 60.08 5.70 NSC NSC NSC NSC 
0.79 150.79 5.12 NSC NSC NSC NSC 


NSC NSC NSC 93.39 756.40 51.64 241.64 
NSC NSC NSC 119.52 812.64 142.42 331.55 


NSC 0.0013 0.0016 0.0014 NSC NSC 
NSC NAS NAS NAS NSC NSC 


8.61 20.46 8.96 9.89 12.85 10.51 
NAS 16.60 NAS 10.13 11.96 NAS 


Shrimp (Penaeus setiferus) head and 1 NSC 1.21 3.22 3.03 2.88 4.19 10.69 
thorax NSC 1.51 2.24 2.85 NAS 4.30 2.41 


Shrimp (Penaeus setiferus) abdomen NSC 0.58 1.22 0.92 1.49 0.74 2.51 
(edible tail) NSC 0.58 é 0.88 0.73 NAS 0.64 0.83 


Star drum (Stellifer lanceolatus) 1 NSC 2.43 NSC 2.72 NSC NSC 1.42 
NSC 2.61 NSC 2.48 NSC 1.09 


Sediment (near entrance to Terry Creek) 5.47 
4.42 


20, 1972 


Dredge spoil from east enclosure (Back R.) NSC 
NSC 


Dredge spoil from west enclosure NSC 
(Dupree C.) NSC 


Water sample ND 
ND 


Anchovy (Anchoa mitchelli) NSC 
2 NSC 


DREDGING BEGINS: Sept. 7, 1972 


DREDGING ENDS: Oct. 






































! NSC—no sample collected; NAS—not adequate sample; ND—not detectable. 





. - (Double Bars Indicate Replicate Samples) 
(Double Bars Indicate Replicate Samples. 70-71 mean of IS 


samples collected 1970-71. 71-72 = mean of 14 samples collected 
during 1971-72) 
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(See Durant & Reimold, 1974 for 1970-72 Baseline Data) 
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FIGURE 2.—Toxaphene concentration, ppm, in oysters 
(Crassostrea virginica) from Back River Bridge, Terry Creek, FIGURE 3.—Toxaphene concentration, ppm, in surface sedi- 
Brunswick, Ga., 1972 ment from mouth of Terry Creek, Brunswick, Ga., 1972 
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(Double Bars Indicate Replicate Samples) 
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FIGURE 4.—Toxaphene concentration, ppm, in dredge spoil 
from east enclosure near Terry Creek, Brunswick, Ga., 1972 


graphic location. The authors submit that different 
organisms may be able to preferentially concentrate 
different residues. Although relatively high concentra- 
tions of toxaphene were found in anchovy (Anchoa 
mitchelli), it was frequently absent from the trawl catch. 


The high toxaphene content of S. alterniflora is of in- 
terest since it represents a translocation of toxaphene 
from the sediments into the plant tissue. S. alterniflora 
is a halophyte and probably translocates toxaphene 
along a pathway similar to the movement of salt. This 
is unique because it is one of the only known instances 
of toxaphene translocation in high concentrations among 
primary producers. 


Altogether, over 125 samples were analyzed for toxa- 
phene during the 8-week study. In addition, qualitative 
visual examination of the Terry Creek area was made 
at weekly intervals to assess potential fish kill. Fewer 
than 20 dead fish were recovered during the 8 collection 
trips of 4 to 5 hours each. Those recovered and posi- 
tively identified included tongue-fish (Symphurus sp.) 
harvest fish (Peprilus sp.), silver perch (Bairdiella sp.), sea 
catfish (Arius sp.), and one menhaden (Brevoortia sp.). 
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(Double Bars Indicate Replicate Samples) 
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FIGURE 5.—Toxaphene concentration, ppm, in dredge spoil 
from west enclosure near Terry Creek, Brunswick, Ga., 1972 


Local shrimp boats that dock in Terry Creek frequently 
offloaded and sorted catches during the study; this may 
well have been the source of dead fish, especially since 
the authors’ sampling indicated that the species were 
not indigenous to Terry Creek. At no time were fish 
observed to be dying (alive but floating on the surface 
on their sides), nor did they show other signs of distress 
during the nearly 100 person-hours of field sampling in 
Terry Creek. 


It is the conclusion of this study that dredging did not 
dramatically alter the biological balance of the estuary 
by toxaphene contamination when toxaphene residues 
were isolated in diked enclosures. As reported by the 
authors in the baseline studies (4), the combination of 
ultraviolet radiation and biological degradation should 
render the impounded sediments nontoxic in a few years. 
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(Double Bars Indicate Replicate Samples) 
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S = 1.92 





X = Mean Toxaphene Con 
centration 
S = Standard Deviation 


LEAVES 
X = 36.30 
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FIGURE 6.—Toxaphene concentration, ppm, in marsh grass FIGURE 7.—Toxaphene concentration, ppm, in marsh grass 
(Spartina alterniflora) and surrounding sediments collected (Spartina alterniflora) /eaves and stems from bank of Back 
from Terry Creek Marsh, Brunswick, Ga., 1970-72 River near Terry Creek, Brunswick, Ga., 1972 
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FIGURE 8.—Toxaphene concentration, ppm, in white 
shrimp (Penaeus setiferus) from Terry Creek, Brunswick, FIGURE 9.—Toxaphene concentration, ppm, in anchovy 
Ga., 1972 (Anchoa mitchelli) from Terry Creek, Brunswick, Ga., 1972 
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(Double Bars Indicate Replicate Samples 
70-71 = mean of 4 samples collected during 
1970-71, 71-72 = mean of ¥ samples collected 
during 1971-72) 
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FIGURE 10.—Toxaphene concentration, ppm, in’ mum- 
michog (Fundulus heteroclitus) from Terry Creek, Bruns- 
wick, Ga., 1972 
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Resmethrin Residues in Foliage after Aerial Application 


Theresa L. Andrews ' 


ABSTRACT 

The residue present after aerial application of 0.05 and 0.15 
lb per acre of the synthetic pyrethroid, resmethrin, was 
analyzed on three kinds of foliage and in water samples. 
The compound was identified by thin-layer chromatography 
(TLC) detecting from 0.06 to 0.25 ppm. The residue on 
aspen and Douglas fir showed that the initial deposit was 
light, and no detectable amount was found after seven 
days. The highest residue, 1 ppm, was found on willow taken 
the day of insecticide application. No detectable quantities 
were found in the water samples. 


Introduction 


As part of the U.S. Department of Agriculture Forest 
Service program to evaluate potential insecticides, a 
preliminary safety evaluation was conducted on the 
synthetic pyrethroid, resmethrin. The study was done 
on the Pike National Forest near Colorado Springs, 
Colorado, in cooperation with the U.S. Department of 
Interior Bureau of Sport Fisheries and Wildlife. This 
continuing program is designed to ascertain the hazards 
of insecticides to nontarget organisms such as birds, 
aquatic and terrestrial invertebrates, and fish. 


This paper describes the method of detection, amount 
of deposit, and persistence of the insecticide resmethrin 
after spray application by helicopter at two dosage 
levels. This chemical was found to possess a high degree 
of activity on several forest insects (/). 


' Pacific Southwest Forest and Range Experiment Station, Forest Ser- 
vice, U.S. Department of Agriculture, Berkeley, Calif. 94701. 
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Methods and Materials 


Resmethrin is the proposed common name for 5-benzyl- 
3-furyl-methyl (+ -cis, trans-chrysanthemate), a mixture 
of synthetic pyrethroid first described by Elliot, et al. 
(2). This mixture of isomers has been called NRDS 104, 


SBP-1382, and NIA 17370. It is available commercially 
from S. B. Pennick and Co., New York, as SBP-1382. 


Natural pyrethrins are easily analyzed by electron-cap- 
ture gas chromatography, but resmethrin cannot be 
detected in this manner. The hydrogen flame detector 
could be used to detect 3 yg of resmethrin. However, 
it was impossible to detect this quantity from plants 
because the extractives interfered with the hydrogen 
flame detection system. 


Early investigation of the photostability of resmethrin 
was carried out by using Rhodamine B as a chromogenic 
detector on thin-layer chromatography (TLC). The 
greatest sensitivity was achieved with Isatin in sulfuric 
acid as a chromogenic agent. This chromogen was 
originally used to detect thiophene (3), and was devel- 
oped for the detection of resmethrin at a 0.1-yg level 
by Abernathy, et al. (4). Isatin sprayed on 10 pl of 
control solutions of resmethrin in ethyl acetate (w/v) 
containing 0.1, 0.2, 0.5, 0.75, 1.0, and 2.5 wg produced 
a stable, measurable, and readily detectable red spot 
on TLC plates. However, plant extracts produced inter- 
fering color in the presence of hot sulfuric acid. By 
moving the interfering materials to the front of the 
TLC with n-hexane, resmethrin could be identified on 
silica gel G (250 yp). 
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Twenty grams of local plant material (willow, poplar, 
Englemann spruce, and Douglas fir) were treated with 
resmethrin at rates of 1.0, 5.0, 10, and 20 pg as pre- 
liminary plant fortified controls. The stems, needles, or 
leaves were cut into small segments and placed in Mason 
jars containing 20 ml of ethyl acetate. The jars were 
placed in an enclosed dry ice bin for 10 minutes. The 
ethyl acetate was decanted, and the frozen material was 
macerated with mortar and pestle and washed twice 
with 20 ml of ethyl acetate. The ethyl acetate fraction 
was evaporated under vacuum to around 5 ml and trans- 
ferred to centrifuge tubes. The volume was evaporated 
with nitrogen to about 0.5 ml and centrifuged to remove 
the small particles. The clear supernatant was trans- 
ferred, and the precipitate was washed three times with 
1 ml of ethyl acetate. The samples were evaporated 
under nitrogen to the desired volume of 100 yl of which 
10 yl was spotted on a TLC plate. 


These samples were chromatographed in duplicate with 
10 pl of the corresponding control standards of 0.1, 
0.5, 1.0, and 2.0 wg of resmethrin on each plate. The 
plates were first developed with n-hexane to remove any 
interfering materials. After the plates were air-dried, 
two different solvent systems were used to move the 
resmethrin: one consisting of benzene, and the other 
of chloroform, ether, and ethyl acetate (2:1:2). After the 
plates were developed, they were sprayed with 0.5% 
isatin in concentrated sulfuric acid (w/v). These forti- 
fied plant samples gave a red spot equal in color in- 
tensity and size to the 10 ul quantities of the control 
standard solutions. The Rf values for resmethrin were 
0.50 + 6% for benzene and 0.85 + 6% for the chloro- 
form, ether, ethyl acetate solution. 


Resmethrin was applied by a helicopter on two separate 
plots at two dosage levels: 0.05 Ib and 0.15 Ib per 0.5 g 
of mineral oil per acre. Field samples of willow, aspen, 
and Douglas fir were collected from three different areas 
in the plots at three different times: immediately after 
spray application, three days later, and one week later. 
Samples of water were also taken from streams in these 
plots. All samples were immediately placed with dry ice 
until extracted. 


Forty grams of each of the field plant samples were ex- 
tracted and handled the same as the previous plant con- 
trols. All samples including controls were spotted on 
a TLC plate in a 10 wl volume. If quantities less than 
0.06 ppm were found in 10 wl, no further concentra- 
tion by evaporation of the plant extract was performed. 
If quantities greater than 0.25 ppm were found, then 
solutions were diluted so that 10 yl contained from 
0.25 to 1.0 wg resmethrin. 


Controls of 100 grams of laboratory tap and distilled 
water were fortified with 10 or 20 yg of resmethrin. 
Duplicate samples were placed in sealed quart jars in a 
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dry ice bin for periods of one hour, and for one, three, 
and seven days. The pH of the water varied from 6.7 
to 6.9. These samples were washed three times with 
ethyl acetate in the same manner as the plant material. 
Since resmethrin is insoluble in water, no difficulties 
were encountered with the extraction procedure using 
500 pl of ethyl acetate. The ethyl acetate was evaporated 
to a volume of 100 yl of which 10 yl was spotted on 
a TLC plate. 


The field samples of water were taken from the lower, 
middle, and upper parts of a stream in each plot. Forty 
grams of each water sample was extracted three times 
with 500 ml of ethyl acetate. The samples were ana- 
lyzed in duplicate in the same manner as the water con- 
trols. The small amount of debris in the field stream 
samples presented no problems during extraction. The 
pH varied from 5.4 to 5.8. 


Results and Discussion 


Immediately after the resmethrin was sprayed, no de- 
tectable residues were found on the aspen at the lower 
dose rates, but at the 0.15-lb rate, 0.8 ppm was found 
(Table 1). Only the willow samples showed a deposit 
as high as 1 ppm. The initial deposit was light; after 
seven days, no detectable residues were found. The 
<0.05 ppm designation was used when very faint 
traces were visible on the TLC. The results suggest 
that after aerial application of resmethrin at 0.05 and 
0.15 Ib/acre, no substantial residue remains after seven 
days. 


TABLE 1.—Resmethrin residues, ppm, found days after 
aerial application on three tvpes of plant foliage 
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1 Average of six samples analyzed with an accuracy of +7%. 





Recovery of the 10 and 20 yg of the fortified water 
controls with resmethrin on the TLC plates were meas- 
ured and remained unchanged within a 10 percent 
error. The water samples from the field showed no 
detectable quantities of resmethrin. Although the lesser 
application rate of 0.05 lb/acre of resmethrin had a 
fatal effect on most of the aquatic insects in the 1-hour 
postspray period, no toxic effects were observed in fish 
held in cages in the stream (5). The fact that no res- 
methrin was recovered from the aquatic samples even 
though insect mortality was high obviously indicated 
substantial degradation, considerable dilution of the 
insecticide, or insufficient understanding of resmethrin 
within the environment. 
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Detection of DCPA Residues in Environmental Samples 


F. M. Miller and E. D. Gomes 


ABSTRACT 

DCPA was detected in river water, five species of fish, and 
air in the lower Rio Grande Valley of Texas. Its presence 
was determined by electron-capture gas-liquid chromatog- 
raphy and confirmed by several analytical methods. Analyses 
of water samples taken over a 2-year period usually indicated 
less than 1 ppb DCPA in water during both years. Residues 
in one freshwater and four saltwater fish species varied 
from less than 1 ppb to 8 ppm. DCPA was found in air 
samples for several months following use in a vegetable- 
growing area. 


Introduction 


DCPA (Dimethyl tetrachloroterephthalate) is a herbicide 
that is sold under several brand names for control of 
grasses and weeds in turf and gardens and for use in 
commercial agriculture. In the lower Rio Grande Valley, 
DCPA is used primarily as a pre-emergence herbicide 
on onion soils and to a lesser extent on cabbage and 
cotton crops. 


This chlorinated hydrocarbon pesticide is of low solu- 
bility, is adsorbed by organic matter in soil, and does 
not leach in any of the general soil types. Its average 
half-life is 100 days in most soil types and it is relatively 
nontoxic to animal species that have been tested (/). 


During 1969 onion soils were sampled in 10 states: 46.5 
percent had traces (0.94 ppm) of DCPA. This is in con- 
trast to a nationwide sampling of croplands during 1969 
in which only 0.1 percent of the 1,729 samples tested 
showed traces of DCPA (2,3). The herbicide has also 
been detected in air samples from an onion-growing 
area in Colorado (4). 


1 Texas Community Studies—Texas State Department of Health, 152 
E. Stenger, San Benito, Tex. 78586. 
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This report, which presents data from several studies, 
indicates rather widespread environmental contamination 
by a chlorinated pesticide. Aquatic sampling of the two 
major streams in this area was initiated in 1971 to de- 
tect differences in pesticide contamination over a period 
of time. In 1972 selected tissues from two large sam- 
ples of speckled trout were analyzed to determine the 
level of chlorinated hydrocarbon pesticides present. Air 
samples were analyzed for pesticides during 1972 as 
a part of a national monitoring program (5). Several 
miscellaneous samples were taken after analytical con- 
firmation of DCPA. Because contamination of streams 
and fish has not been reported previously, all available 
data are presented in this paper. All studies were con- 
ducted in the lower Rio Grande Valley of Texas, an 
intensely agricultural area. 


Methods and Materials 


SAMPLING 


Two sampling sites, one on each of the two major water- 
ways in the lower Rio Grande Valley, were monitored 
in 1971 for chlorinated hydrocarbon pesticides. One 
sample of unfiltered water, bottom sediment, and men- 
haden (Brevoortia sp.) was taken each month from the 
Arroyo Colorado at a brackish water location near the 
port which is east of Harlingen (Fig. 1). Only water 
and bottom sediment samples were taken at the second 
Rio Grande site near Los Indios. Bottom sediment and 
water samples were taken in solvent-rinsed containers 
near the bank; the menhaden were collected by cast 
netting near the middle of the stream. 


In 1972 two large samples of spotted seatrout (Cyno- 
scion nebulosus) were taken by bait casting in the Three 
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FIGURE 1. Map of Lower Rio Grande Valley showing 


sampling sites for DCPA 


Islands area of the lower Laguna Madre. One sample 
was taken during May and the other was collected in 
July. The length, weight, and sex of each fish were 
recorded. Each speckled trout was dissected and the 
ovaries or testes, liver, and 10 g of edible flesh were 
removed and frozen until analyzed. Several Rio Grande 
perch (Cichlasoma cyanoguttatum) were collected at va- 
rious freshwater locations along the Arroyo Colorado 
(Table 1, Fig. 1), and were dissected in the same manner 
to obtain similar tissues when possible. Collectors caught 
one mullet (Mugil sp.) while gathering menhaden. Two 
speckled trout and one red drum (Sciaenops ocellata) 
were collected and analyzed for residues of DCPA dur- 
ing 1973. 


Air samples were taken from two locations in each of 
two cities from February 1972 until January 1973. One 
MisCo high-volume sampler was placed near the center 
and one on the periphery of each city. Approximately 
61 cubic meters of air were sampled at each location 
over a 24-hour period. The combined samples from each 
city were analyzed as one sample. Weekly samples were 
taken alternately from each city. 


ANALYTICAL PROCEDURES 


A 1-liter water sample was extracted with 150 ml of 
hexane in a 2-liter separatory funnel. The contents were 
shaken vigorously for 2 minutes with venting and al- 
lowed to settle until the layers separated. The hexane 
layer was removed and another 150-ml portion of hexane 
was added to the water sample. Then the procedure was 
repeated. The two 150-ml extracts were combined and 
a small amount of sodium sulfate was added to absorb 
any water remaining in the extract. The sample was 
transferred to a 500-ml Kuderna-Danish evaporative 
concentrator and concentrated to 5 ml followed by 
Florisil cleanup (6). 


Each 25-g bottom sediment sample was placed in a 
250-ml Erlenmeyer flask, 150 ml of acetonitrile was 
added, and the sample was shaken for 1 hour at 3 
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agitations per second on a wrist-action shaker. The en- 
tire sample was filtered through a solvent-rinsed glass 
wool filter into a 1-liter separatory funnel containing 
500 ml of water. The soil remaining on the filter was 
rinsed twice with 25 ml of acetonitrile. The acetonitrile/ 
water mixture was partitioned twice with petroleum 
ether. The petroleum/ether extract was concentrated and 
passed through Florisil for cleanup. 


Fish samples were analyzed by taking approximately 
25 g of menhaden, 10 g of trout flesh, 5 g of perch 
flesh, and the entire ovaries, testes, or liver. Each sample 
was weighed and placed in a stainless steel Omni-mixer 
cup, 50 ml of acetonitrile were added, and the sample 
was blended at medium speed for 5 minutes. The ovaries 
were ground in a mortar with sodium sulfate and petro- 
leum ether. The ground or blended extract was filtered 
through a solvent-rinsed, glass wool filter into a 1-liter 
separatory funnel. The sample filtercake was rinsed with 
25 ml of acetonitrile; to this was added 130 ml of petro- 
leum ether and the mixture was shaken for 2 minutes. 
Then 600 ml of water was added, the sample was shaken 
again for about 1 minute, the 2 layers were allowed to 
separate, and the aqueous layer was discarded. Approxi- 
mately 200 ml of water was added again. The sample 
was shaken; the layers were allowed to separate; and 
the water was discarded again, removing the remaining 
acetonitrile. The petroleum ether extract was concen- 
trated and cleaned on a Florisil column. 


Air samples were collected by drawing atmospheric air 
through ethylene glycol. The samples were extracted 
with hexane and were cleaned on a Florisil column (7). 


When Florisil cleanup was employed, DCPA eluted in 
the 15 percent fraction. This fraction was concentrated 
to 5 ml and analyzed by gas-liquid chromatography 
(GLC). 


Routine pesticide analyses were accomplished with 
Micro-Tek 220 gas chromatographs that were equipped 
as follows: 


Detector: electron-capture tritium foil; 20 volts. 

1.5% OV-17/1.95% QF-1 on Chromosorb W 

100/120 mesh H.P.; 

4% SE-30/6% QF-1 on Chromosorb W, H.P.; 
1.6% OV-210/6.4% OV-17 on Gas Chrom Q; 

5% OV-210 on Gas Chrom Q. 


225°C 

205°C 

OV-17/QF-1, SE-30/QF-1, and 
OV-210/OV-17 at 200°C 
OV-210 at 175°C. 


Columns: 


Temperatures: Inlet 
Detector 
Columns 


Carrier gas: Nitrogen. 

OV-17/QF-1, 80 cc/min; 
OV-17/OV-210, 65 cc/min; 
SE-30/QF-1, 75 cc/min; 
OV-210, 60 cc/min. 


Flow rate: 


Sensitivity : 1% FSD with 50 pg of aldrin. 


Electrometer 10x16. 


setting: 
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TABLE 1.—DCPA Residues in Three Species of Fish 





DaTE SITE OF 
COLLECTED COLLECTION 


SPECIES 


TISSUE DCPA RESIDUE, PPB 





November 1972 Arroyo Colorado, 


Harlingen 


December 1972 Arroyo Colorado, 


Harlingen 


February 1973 Arroyo Colorado, 


La Feria 


February 1973 Arroyo Colorado, 


Mercedes 

March 1973 Arroyo Colorado, 
Mercedes 

March 1973 Three Islands, 
Laguna Madre 
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Recovery studies were conducted with unfiltered arroyo 
water and trout flesh. Mean DCPA recovery from water 
samples was 97 percent, with 88 percent recovery from 
fish flesh. All results are presented as unadjusted values. 


CONFIRMATORY TECHNIQUES 


In addition to GLC analyses, three other confirmatory 
techniques were used. The extracts of several arroyo 
water samples (20 gallons) were pooled and the presence 


of DCPA was confirmed by infrared analysis. The KBr 
micropellet was scanned on a Perkin-Elmer 337 Grating 
Infrared Spectrophotometer. 


Several fish and water samples were analyzed by a thin- 
layer chromatography/GLC technique (TLC-GLC) (7). 
Since there was not enough DCPA to develop on the 
TLC plate, the Rf value was determined. A portion of 
the Al,O. on the TLC plate was removed at the indi- 
cated point, extracted with hexane, and analyzed on the 
gas chromatograph. 


Two samples were analyzed by GLC/mass spectrometry 
(GLC-MS) (8). The first sample, a pooled extract of 
menhaden, was cleaned up by thin-layer chromatogra- 
phy. When the fish extract showed many interfering 
substances, a second and much cleaner sample was ob- 
tained by extracting 10 gallons of arroyo water. 


Results and Discussion 


Since 1971 routine samples of soil, water, and menhaden 
have been taken from the Arroyo Colorado and analyzed 
by GLC. Some of the unfiltered water samples collected 
in 1971 showed a very prominent peak which eluted at 
the same retention time as that of heptachlor epoxide on 
OV-17/QF-1 and SE-30/QF-1 columns. Analyses of 
samples in the past have indicated little heptachlor or 
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Mullet 


Redfish 


skin 555 
flesh 159 
viscera 231 


Rio Grande Perch liver 468 


ovaries 420 
flesh 217 


Rio Grande Perch liver 388 


ovaries 212 
flesh 89 


Rio Grande Perch liver 215 


ovaries 107 
flesh 29 


Rio Grande Perch liver 190 


flesh 0 


Rio Grande Perch flesh 90 
(1 sample: 2 small fish) 


liver 18 
testes 132 
flesh 0 











heptachlor epoxide in the Rio Grande Valley. A closer 
look at this mystery peak revealed a difference of 0.05 
relative retention time units from that of heptachlor 
epoxide on the OV-210/SE-30 column. At that time, 
the peak was tentatively identified as DCPA. The 1972 
water samples showed greater concentrations of the 
chemical during the fall of the year. Air samples also 
revealed a substance with an identical retention time. 
During this same time period, some of the menhaden 
and trout being analyzed were demonstrating this peak 
in tissue, liver, and reproductive organs, indicating some 
persistence of the chemical in the aquatic and estuarine 
environment. Confirmatory procedures were initiated 
during the latter months of 1972. 


CONFIRMATORY PROCEDURES 


In 1972, the OV-210 GLC column proved to be of great 
importance in identifying DCPA. The most critical dif- 
ferentiation was between heptachlor epoxide and DCPA, 
which elute with almost the same relative retention time 
on columns other than the OV-210. Most of the com- 
monly used chlorinated hydrocarbon pesticides elute in 
the same general sequence when using columns such as 
the OV-210/OV-17 (Fig. 2). With the OV-210 column, 
however, the relative retention times of some chlori- 
nated hydrocarbons differ. Heptachlor epoxide increases 
slightly, but the retention time of DCPA is much greater 
than that of heptachlor epoxide (Fig. 2). 


Several samples were analyzed by flame photometric 
detection, indicating that the substance was not a phos- 
phorus- or sulfur-bearing compound. The TLC-GLC 
technique confirmed DCPA in several fish and water 
samples. 


A relatively pure sample of DCPA was difficult to obtain, 
but its presence in arroyo water was confirmed by infra- 
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red spectrophotometry (Fig. 3). The subnanogram 
amounts of DCPA in arroyo water necessitated the ex- 
traction of 20 gallons of the water in order to collect 
enough DCPA for infrared analysis. GLC-MS analyses 
confirmed the presence of DCPA in water and fish 
samples. 


WATER AND SEDIMENT 


In 1971 DCPA was identified in unfiltered water sam- 
ples by GLC (Table 2). Trace amounts were found 
only in water, and were not confirmed by other tech- 
niques. Similar low residue levels were found through- 
out 1972 and 1973. Although the monthly sample in 
September 1972 was negative, an additional sample 
taken on the same date at a nearby location revealed 
the highest recorded water value of 132 ppb. Another 
unfiltered sample taken at the Harlingen site later in 
September contained 0.91 ppb DCPA. Likewise, two 
additional samples taken during another negative month, 
December 1972, contained 0.35 and 0.40 ppb DCPA. 
It is obvious that monthly sampling does not give an 
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FIGURE 2.—Gas chromatograms showing differences in 
elution pattern between OV-210 and OV-210/OV-17 column 
materials 

















FIGURE 3.—Infrared spectral comparison of DCPA stand- 
ard and water sample, showing confirmation of DCPA in 
arroyo water 
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accurate estimate of the amount of DCPA in the stream. 
Only one DCPA residue of 0.08 ppb was found in 
water samples from the Rio Grande, possibly because 
most of the lower Rio Grande Valley drains into the 
Arroyo Colorado rather than into the Rio Grande. 


Only one bottom-sediment sample contained a trace 
(42 ppb) of DCPA. Water samples were analyzed with- 
out removing the particulate matter; it is not known 
whether the DCPA residues are in the water or in asso- 
ciation with suspended particles. 


MENHADEN 


Monthly samples of menhaden did not reveal any DCPA 
residues until March 1972 (Table 2). Each sample in- 
cluded 25 g of the small fish with the heads and tails 
removed. Since specific tissues were not analyzed, these 
results cannot be directly related to the values for other 
fish. Based on current procedures, however, it appears 
that the menhaden contain greater amounts of DCPA 
than the other species of fish sampled to date. The 
higher residue values probably are not due to contami- 
nation from the gut contents because the gut was ex- 
tracted separately on several occasions and residues 
were less than those in the remainder of the tissues. 


As with the water residue, the amount of DCPA in men- 
haden varied widely. In November an additional sample 
taken at a site nearby contained 7.27 ppb DCPA; the 
regularly scheduled sample had only 0.52 ppb. 


OTHER FISH 


In May and July 1972, two large samples of speckled 
trout were collected for chlorinated hydrocarbon anal- 
ysis. The May collection of 58 females and 8 males 
averaged 38 cm in length and 500 g in weight. Testing 
showed that 29 percent of the females and 50 percent 
of the males in this collection contained DCPA in one 
or more tissues (Table 3). Overall, the highest levels 
were found in the liver tissues, although these were not 
always positive when other tissues were. The greatest 
amounts recorded for liver, ovaries, testes, and flesh 
were 196, 85, 200, and 26 ppb, respectively. 


The second sample of 9 females and 10 males averaged 
38 cm in length and weighed 568 g. DCPA was not 
present in any of the tissues. No effort was made to deter- 
mine whether the two samples were from the same fish 
population. Two speckled trout (427 g and 257 g) col- 
lected during March 1973 also had DCPA residues. 


Several other species of fish (Table 1) were collected 
after the initial detection of DCPA in fish. Analysis of 
one mullet showed residues comparable to those found 
in menhaden of the same collection. Five samples of 
Rio Grande perch were collected at various locations 
along the Arroyo Colorado over a 4-month period. 
DCPA residues in the flesh varied from 0 to 217 ppb. 
One redfish had a trace of DCPA in the liver and testes. 
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TABLE 2.—DCPA residues in unfiltered water samples and menhaden from A rroyo Colorado near Harlingen, Tex. 





DCPA RESIDUES 
1972 








WATER, 
MONTH PPB 


0 

0.08 
0 

0.15 0.83 
0 0.47 
0.02 0.02 
0 0.04 
0.03 0.06 





o 


January 
February 
March 
April 

May 

June 

July 
August 
September 
October 
November 
December 


0 cae 0.05 
1.25 : 0.18 
0.96 ; 1.09 
0 0.55 


cooooooooccoco 


























TABLE 3.—Residues of DCPA in spotted sea trout from Three Islands, Laguna Madre 





MEAN RESIDUE, PPB 





FIsH WITH 
TISSUE RESIDUES PER 
SAMPLED ; T % SAMPLE 

PaaS - Se oS 

liver 14 60 

ovaries 24 36 

flesh 5 16 


TOTAL FisH 
WITH RESIDUES 
No. % 


NUMBER AND 
SEX OF FISH 
ANALYZED 





PER POSITIVE 
SAMPLE 








COLLECTED 











May 1972 58 females 17 29 


liver 50 112 
testes 25 28 
flesh 0 0 


8 males 


July 1972 liver 
ovaries 


flesh 


9 females 


liver 
testes 
flesh 


10 males 


March 1973 liver 
ovaries 


flesh 


| female 


liver 


1 
flesh 1 | 


























AIR MONITORING found in samples near McAllen, a vegetable-growing 


Weekly air monitoring of the lower Rio Grande Valley 
by alternately sampling the Harlingen and McAllen 
areas showed no DCPA residues from February to 
September 1972. Of 17 weekly samples taken from 
September through December, 11 were positive for 
DCPA. Routine weekly air sampling was discontinued 
at the end of December, but three additional samples 
were taken during 1973. A trace of DCPA was found 
in early January 1973, but none was detected in samples 
taken later in January and in March. 


As might be anticipated, the residues were found during 
the first part of the vegetable-growing season and resi- 
dues were higher in the vegetable-growing area. Mean 
air sample values for the 4-month period with DCPA 
residues during the fall was 1.94 ywg/m* with extreme 
values of 0.90 and 8.62 yg/m*. Higher levels were 
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area, than in those from Harlingen during the same time 
period. Mean residues per positive sample were 4.73 
and 2.59 yug/m* for McAllen and Harlingen, respec- 
tively. 


Conclusion 


DCPA is a frequent, although intermittent, chlorinated 
hydrocarbon contaminant of the aquatic and estuarine 
environments of the lower Rio Grande Valley. How 
long it persists in these environments is unknown; it 
is probably very transient, because it is readily broken 
down by microorganisms in soils (9). Hexachlorobenzene 
(HCB) residues have not been found in environmental 
samples from this area although the commercial DCPA 
preparation may have up to 10 percent HCB in some 
formulations (/0). The source of aquatic contamination 
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with DCPA is unknown at this time. It seems unlikely 
that windblown residues or contamination from a single 
spill could account for the presence of these residues 
over this period of time. 


To date, DCPA has not been detected in water in 
amounts that might cause acute intoxication of fish. 
Investigation is needed, however, to determine subacute 
toxicity of this compound to fish at low levels. Investiga- 
tion of the method by which DCPA enters the aquatic 
ecosystem is also needed. 
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Degradation of Four Organophosphate Insecticides in Grape Tissues 


Wray Winterlin,! Charles Mourer,' and J. Blair Bailey” 


ABSTRACT 


Four organophosphate pesticides were applied to field-grown 
grapes at maximum recommended rates for pest control in 
Fresno County, Calif. Periodic sampling and analyses were 
carried out for each pesticide immediately before and follow- 
ing application on leaves, bark, cane, fruit, and soil. At har- 
vest time 42 days after the initial application, azinphosmethyl 
and ethion residues were found on leaves at approximately 
20 percent and 2.5 percent, respectively, of their original 
levels. Phosalone, applied 14 days after the azinphosmethyl 
and ethion treatment, still had about 30 percent of its original 
residue at harvest time; naled residues were not detected 
(<0.10 ppm) 4 days after application. Residues on cane and 
bark were quite stable and accounted for a relatively high 
percentage of the total residues found on the plant at harvest. 
Total extracted residues found on the plant at harvest 
amounted to approximately 280 ppm. 


Introduction 


During the summer of 1970, 51 acres of Thompson 
seedless grapes were set aside in Fresno County, Calif., 
for the purpose of spraying with four different organo- 
phosphate insecticides at rates normally recommended 
for pest control and within the minimum time period 
permitted by Federal regulation. Related data on 
chlorinesterase depressions in farm workers exposed to 
pesticide residues are reported by Bailey, et al. (/). The 
article at hand deals only with the deposit and degrada- 


1 Department of Environmental Toxicology, University of California, 
Davis, Calif. 95616. 
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tion of the respective chemicals following application. 
Very little, if any, published information is available 
concerning safe reentry times for field workers following 
application of pesticides on grapes. This study aimed to 
determine the degradation pattern of the chemical in the 
various grape tissues in the treated vineyard, and whether 
a potential problem exists for workers who might be 
exposed to that chemical. If a possible health problem 
exists, further studies will be necessary to determine safe 
reentry times following application. 


Methods and Procedures 


Four organophosphate pesticides were applied in five 
replicate plots on 51 acres in Fresno County, Calif., 
beginning August 27, 1970. One application of each 
insecticide was applied to each replicate plot on stag- 
gered days to see whether different days of application 
would give appreciably different residue levels. The four 
pesticides selected were ethion or Nialate®, azinphos- 
methyl or Guthion®, naled or Dibrom®, and phosalone 
or Zolone®. Some of the more toxic metabolites and 
degradation products were also analyzed. For example, 
dichlorvos or DDVP, 2,2-dichlorovinyl dimethyl phos- 
phate, is a degradation product of naled and was thus 
analyzed with naled. Chemical structures of these pesti- 
cides and their oxygen analogs are shown in Figure 1. 
Table 1 shows the rate and formulation of each in- 
secticide application, and the interval between treat- 
ment and harvest. Amounts actually applied were a 
little higher in the first two applications than those 
originally planned because of a miscalculation concern- 
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FIGURE 1.—Chemical structures of azinphosmethyl, ethion, 
naled, phosalone, and their oxygen analogs 


TABLE 1.—Insecticides applied to grape fields in Fresno 
County, Calif., 1970 





ACTIVE Days: 
INGREDIENT, APPLICATION 


INSECTICIDE TO HARVEST 


FORMULATION ! 





Ethion 25% WP ; 42 
Azinphosmethy] 50% WP g 42 
Phosalone 3 Ib/gal EC : 28 


Naled 8 Ib/gal EC : 14 














' WP: wettable powder. 


ing the spraying apparatus. But such an error is not un- 
like a typical field applciation. Periodic samplings, start- 
ing with a pre-application sample, were continued 
throughout the growing season until harvest. Samples 
were taken on leaves, bark, cane, fruit, and the surface 
inch of soil immediately below the plants. In all sam- 
plings, random samples were selected from inside and 
outside each plant. 


Following sampling, specimens were immediately placed 
in a dry-ice chest and kept frozen at subzero tempera- 
tures until extracted into an organic solvent. A mixture 
of 10 percent methanol in chloroform was selected as 
the final organic solvent. As reported by Bowman and 
Beroza in 1968 (2), this solvent system was superior for 
extracting the oxygen analogs and degradation products 
as well as the parent materials for the many organo- 
phosphate pesticides studied. Samples of leaves, bark, 
and cane weighing 100 g were placed in a 2-liter Erlen- 
meyer flask and shaken with 1,000 ml of solvent on a 
rotary shaker for 30 minutes. The solvent was filtered 
through anhydrous sodium sulfate into a glass storage 
bottle and stored in the dark until analyzed. 
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Purification of samples was not considered necessary 
except to analyze ethion and the oxygen analogs. Inter- 
fering materials were removed from the ethion extracts 
by evaporating a portion of extract representing 10 g 
of crop to dryness, then adding 10 ml of benzene. A 
chromatographic column was prepared by placing a 
plug of glass wool into a 2.0-by-11.0-cm_ borosilicate 
glass chromatographic tube with a 250-ml reservoir 
attached to the top. The column was packed with 9 cm 
of activated florisil and topped with 2 cm of granular 
anhydrous sodium sulfate, then washed with 80 ml of 
benzene which was subsequently discarded. The sample 
was transferred to the column and eluted with 50 ml of 
10 percent ethyl ether in benzene. The solvent was 
evaporated and the residue remaining was transferred 
with acetone to a McNaught and McKay-Shevky- 
Stafford sedimentation tube. The sample was then made 
to a known volume before injecting into the gas chroma- 
tograph. 


Oxidized analogs of ethion and azinphosmethyl on leaves 
were also separated from their interfering materials by 
means of an activated florisil column. Four separate 
solvent mixtures were added to the column, with an 
increase in polarity with each subsequent solvent mix- 
ture. The first fraction included 200 ml of benzene; this 
was followed by 100 ml of 25 percent ethyl ether in 
benzene, 100 ml of 25 percent acetone in benzene, and 
a fourth and final fraction of 50 ml of acetone. Fractions 
one through three contained ethion monooxon and the 
last two fractions contained ethion dioxon, as well as 
the oxygen analog of azinphosmethyl commonly re- 
ferred to as gutoxon. Because the third fraction of 25 
percent acetone in benzene contained both ethion mono- 
oxon and ethion dioxon, the residue analysis of each 
product was cleaned separately. Metabolites of phosalone 
were not analyzed routinely because of interfering sub- 
stances and the inability to isolate specific products. 
Analyses before and after cleanup were tried with gas- 
liquid chromatography and thin-layer chromatography 
(GLC and TLC). 


There were no detectable phosphorus compounds be- 
sides those already mentioned following the application 
of phosalone to the treated plots. Thin-layer chromatog- 
raphy, however, did reveal so many _ cholinesterase- 
inhibiting spots on the chromatogram that separation 
and detection from known _ cholinesterase-inhibiting 
products was impossible. Since gas chromatography did 
not give any appreciable residues for the metabolites, it 
was assumed that the enzyme detection system used for 
thin-layer chromatography was that much more sensitive 
than that of gas chromatography. Because GLC meas- 
ured only the phosphorus element as it passed through 
the gas-chromatographic column, it was concluded that 
the relative amount of the metabolites of phosalone was 
most likely insignificant. 
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Soil samples were handled somewhat differently than 
bark, cane, and leaf samples. They were moistened with 
water only until the soil became glossy, and were shaken 
on a rotary shaker for 30 minutes with the extracting 
solvent. The solvent was filtered through anhydrous 
sodium sulfate and handled in accordance with the other 
samples of bark, cane, and leaves. All fruit samples were 
analyzed for total residue by chopping the frozen grapes 
in a Hobart food chopper, transferring 100 g into a 
blender with 400 ml of stripping solvent, blending for 
2 minutes, and shaking for 30 minutes. The organic 
solvent containing the residue was then filtered through 
anhydrous sodium sulfate into a glass storage bottle. 


All extracts except gutoxon were analyzed on a gas 
chromatograph; most were analyzed at least twice using 
two different detectors. Recovery samples were also run 
on each date, and replicates were sampled from the 
control plots for each pesticide applied. Fortified re- 
covery studies for each organophosphate pesticide were 
made at the time of extraction and just before analysis 
at the 1 ppm level. 


The two detectors and gas chromatographs used through- 
out the study included a Varian Aerograph Model 204 
gas chromatograph equipped with a cesium bromide 
thermionic flame detector (3,4) and a Micro-Tek Model 
MT 220 gas chromatograph equipped with a dual flame 
photometric detector (5,6). Both GLC systems are rel- 
atively specific for phosphorous-containing organic com- 
pounds. A chlorinesterase detection method (7) was also 
utilized following separation by thin-layer chromatog- 
raphy for detecting and confirming the presence of 
naled, dichlorvos, ethion monooxon, ethion dioxon, and 
gutoxon; this method was used with the gas chromatog- 
raphy procedure. Gutoxon was the only metabolite that 
was not analyzed by GLC. For this particular compound, 
only thin-layer chromatography was used. The develop- 
ing solvent was benzene: ethyl acetate: methyl alcohol, 
90:8:2. 


The GLC columns used throughout the study were: a 
6-ft-by-%-in.-o.d. borosilicate glass packed with 10 per- 
cent DC 200 on 100/120-mesh Gas Chrom Q; a 6-ft-by- 
Y%-in.-0.d. borosilicate glass packed with 3 percent OV- 
225 on 60/80-mesh Gas Chrom Q; a 31 -ft-by-"% -in.-o.d. 
borosilicate glass packed with 5 percent OV-225 on 
60/80-mesh Gas Chrom Q: and a 6-ft-by-'%-in.-o.d. 
borosilicate glass packed with 10 percent OV-17 on 
60/80-mesh Gas Chrom Q. The first two columns were 
used for separating and analyzing ethion, azinphos- 
methyl, and phosalone. The third column was used to 
separate naled and dichlorvos; the fourth column was 
used to separate ethion monooxon and ethion dioxon. 
Temperatures of the injection part and detector for the 
Micro-Tek gas chromatograph were 240°C and 290°C, 
respectively. Injection and detection temperatures for 
the Varian Aerograph were 227°C and 230°C, re- 
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spectively. Flow rates of the oxygen, air, hydrogen, and 
nitrogen carrier gases for the Micro-Tek were 20, 20, 
200, and 90 ml/min, respectively. The Varian Aero- 
graph flow rates of the air, hydrogen, and nitrogen 
(carrier) gases were 170, 16.5, and 20 ml/min, respec- 
tively. Column temperatures for both instruments for 
ethion, azinphosmethyl, and phosalone were held to 
230°C; ethion monooxon and ethion dioxon samples 
were operated at 245°C. The naled and dichlorvos 
analyses were handled differently in that the column 
temperature was programmed with an initial tempera- 
ture of 130°C for 2 minutes following injection. Then it 
was programmed at a rate of 30°C/min until a final 
temperature of 170°C was reached; it was held at that 
temperature for 6 minutes before cooling to the initial 
temperature of 130°C. 


Results and Discussion 


Several extraction solvents including acetonitrile, ben- 
zene, chloroform, and 10 percent methanol in chloro- 
form were compared for the quantity of residue ex- 
tracted and the variability of the residue between 
individual samples. The quantity of the residue in the 
substrates was about the same regardless of the solvent 
selected; however, the 10 percent methanol in chloro- 
form gave results slightly more consistent than those 
produced by the other solvents. Extraction time of 30 
minutes was also compared with another procedure (8) 
which included shaking the contents in 1:2 ratio of crop 
tissue to solvent for 2 minutes, letting it rest for 2 
minutes, shaking for % minute, and resting 12 minute 
before transferring extract into a sample bottle. Again, 
residue levels were similar and well within the variations 
found between the replicates. However, there was a con- 
siderable degree of inconsistency between these sam- 
ples and those produced by the 30-minute extraction 
period. 


This study was concerned with maximum levels of resi- 
due that might be associated with surface exposure and 
includes residue levels that might be incorporated into 
the plant surface, as in the plant waxes or tissues just 
under the immediate surface. Therefore, residue levels 
reported here are probably higher than the actual surface 
residue to which a worker would be exposed in a field 
situation. Ascertaining how an individual is exposed 
to pesticides and which pesticides he is exposed to 
is very difficult. Much work needs to be done in this 
regard, but this was not the objective of the present 
study. 


Authors of this study had anticipated looking at some 
of the toxic degradation products which are more 
polar than their parent compounds. Therefore, it was 
necessary to extract with a mixture including a polar 
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solvent. Ten percent methanol in chloroform (2) was 
used throughout the study. 


Results from the fortified recovery studies ranged from 
95 to 100 percent for all pesticides analyzed including 
the degradation products. The only two exceptions to 
this were ethion dioxon, which ranged from 80 to 95 
percent recovery, and gutoxon, which could not be 
checked for a specific recovery because it was analyzed 
by thin-layer chromatography. Fortified extracts of 
gutoxon did look satisfactory even when fortified at 
0.1 ppm. However, this was only a visual observation 
and quantitation was not attempted. 


Soil, leaves, cane, and bark were sampled periodically 
following each insecticide application. Harvested grapes 
were also sampled. Figures 2-4 show in graphic form 
the residue levels found on the various tissue samples, 
except for soil samples. Residue levels in the soil were 
relatively low, ranging from about 3.0 ppm on the first 
day of application to 1.0 ppm at harvest for azinphos- 
methyl and phosalone. Ethion had about the same initial 
residue but degraded rather rapidly, with a final residue 
at 42 days of 0.15 ppm. Naled had an initial level of 
about 0.5 ppm; the second sampling four days later 
showed less than 0.1 ppm except for one sample which 
had 0.2 ppm. Fruit samples of grapes were harvested 


and analyzed on two different dates, September 28 and 
October 8. Table 2 shows these residues and residues 
found on all tissues sampled at time of harvest. In all 
cases, residues found on the fruit were within the U.S. 
Government tolerance for each of the four pesticides 
surveyed. 


As mentioned earlier, insecticides were not applied to the 
five replicate plots (R1-5) on the same day. The plot 
identified as R1 had its first application of ethion and 
azinphosmethyl on August 27, R2 and R3 on August 
28, and R4 and R5 on August 31. The variability of 
residue between the three dates of application was less 
than the variability between samples with the same ap- 
plication on the same plot sampled the same day. 
Therefore, factors attributed to variation of application 
days were generally considered insignificant. The same 
was true of phosalone which was applied to R1, R2, 
and R3 plots on September 11. R4 and RS plots received 
their first application of phosalone on September 14. 
Naled was applied to all five plots on September 24. 


For each periodic sampling, Figures 2-5 show the high- 
est, lowest, and average residue for each pesticide per 
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FIGURE 2.—Residues of ethion, azinphosmethyl, and 

phosalone extracted from graye leaves with an organic solvent 

wash from samples taken at time of application and through- 

out growing season. Each group of points represents range 
and mean of residues in samples after application 
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FIGURE 3.—Residues of ethion, azinphosmethyl, and 

phosalone extracted from grape bark with an organic solvent 

wash from samples taken at time of application and through- 

out growing season. Each group of points represents range 
and mean of residues in samples after application 
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TABLE 2.—Insecticide residues found on grape tissues at 
time of harvest 





INSECTICIDE TISSUE ANALYZED RESIDUES FOUND, PPM 





Azinphosmethyl Leaves 71.3 
Bark 28.2 
Cane 6.60 
Fruit 2.56 2 


Soil 1.00 


Leaves 5.80 
Bark 8.20 
Cane 0.40 
Fruit 0.701 
Soil 0.15 


Leaves 98.8 
Bark 47.0 
Cane 6.80 
Fruit 1.08 2 
Soil 1.00 


Leaves <0.10 
Bark 2.20 
Cane <0.10 
Fruit <0.10 1 
Soil <0.10 


Ethion 


Phosalone 











1 Represents average of residues taken on two days of harvest: 
28 and Oct. 8. 
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FIGURE 4.—Residues of ethion, azinphosmethyl, and 

phosalone extracted from grape cane with an organic solvent 

wash from samples taken at time of application and through- 

out growing season. Each group of points represents range 
and mean of residues in samples after application. 
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FIGURE 5.—Total insecticide residue extracted from leaves, 
bark, cane, and fruit of grape 


period from the initial time of the azinphosmethyl and 
ethion application. All reported naled residues include 
dichlorvos, even though the two insecticides were an- 
alyzed individually. Table 3 shows the average levels of 
residue found on the four separate substrates from initial 
day of application until harvest. Even though residue 
levels among samples varied considerably, levels in 
relation to time followed first-order kinetics, particularly 
in leaf tissues. Variability was much greater between 
cane and bark samples than between soil and leaf sam- 
ples. However, data did indicate that the rate of decline 
of each pesticide was considerably slower after the first 
few days, particularly for azinphosmethyl! and phosalone. 
The irregularity between samples in the corky tissues 
can be explained by irregular absorption and adsorption 
and by exposure of the tissue to the spray. Irregularity 
is also explained by the variable exposure of the tissue 
to sunlight and other degradation processes. It is diffi- 
cult to get complete random sampling of old and new 
tissues from each plant because of the irregularities 
mentioned which may also explain the variability be- 
tween samples. 


In all cases, the stability of the insecticides in the bark 
and cane was very significant. Even 42 days after ap- 
plication, about half the original residue remained with 
the exceptions of naled and ethion. Naled was not 
detected in the cane; however, it was detected in the 
bark 14 days after application. Even though the residue 
level was relatively small, with about 15 percent of the 
initial deposit remaining at harvest time, the rate of 
decay was only 50 percent from day 4 to day 15. It 
appears that once the pesticide is in contact with the 
corklike tissue, it is absorbed readily and becomes quite 
stable over a long period of time. This may or may 
not be significant in relation to the exposure of field 
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TABLE 3.—Degradation of azinphosmethyl, ethion, phosalone, and naled in grape plant tissues 





AVERAGE RESIDUE ON 


LEAVES, PPM Bark, PPM 


AVERAGE RESIDUE ON 


AVERAGE RESIDUE ON 
SoIL, PPM 


AVERAGE RESIDUE ON 
CANE, PPM 





Days: 
INITIAL 
APPLICATION 
(DAY 0) 
TO HARVEST 


AZINPHOS- 
METHYL 
NE 
AZINPHOS- 
METHYL 


PHOSALO 
PHOSALONE 


ETHION 


AZINPHOS- 
METHYL 

PHOSALONE 

PHOSALONE 





nN & 
N 
Ba 
rr) 


251 
167 106 
150 92 
252 65 
92 ‘ 55 
98 210 36 A 80 
69 144 <0.1 a 70 
70 <0.1 . 62 
71 3 99 <0.1 . 47 


























1.4 
1.4 
2.4 
1.5 
0.56 
0.44 
0.20 
0.35 . 
1.1 a 0.28 , 0.27 
<0.10 A 0.40 : <0.10 
<0.10 , 0.26 : <0.10 
<0.10 ‘ 0.15 <0.10 





























workers. Because high levels of residue are involved, 
however, the matter needs to be investigated. 


The two oxygen analogs of ethion on grape leaves are 
shown in Table 4. All replicate samples analyzed for 
the metabolites were composited according to days from 
application. Residues of ethion monooxon and ethion 
dioxon were much lower than their parent compound 
the first few days following application. However, the 
relative amount of residues for the two products was 
much higher following the third day. The total amount 
of both ethion monooxon and ethion dioxon from the 
fourteenth day after application was approximately 50 
percent of its parent compound and continued in this 
proportion throughout the growing season. Even though 
the percentage of these metabolites was quite high, the 
total amount of residue was much lower than other 
organophosphate pesticides studied. Gutoxon, the oxy- 
gen analog of azinphosmethyl, was analyzed only the 
first 14 days following initial application due to the 
background on the thin-layer plates following the phosa- 
lone application. None of the samples analyzed showed 
any detectable residues of gutoxon or other cholinester- 
ase-inhibiting products in excess of 1 ppm for this period. 


TABLE 4.—Degradation of ethion, ethion monooxon, and 
ethion dioxon on grape leaves 





Days: 
INITIAL 
APPLICATION 
(pay 0) 
TO HARVEST 


RESIDUE ON LEAVES, PPM 





ETHION MONOOXON 
ETHION ETHION 


MOoNoOoxoN | Di0oxon 


+ 
ETHION ETHION DIOxon 





0 225 . 27 

3 156 . 17.6 

7 84 32 
14 49 
17 37 
21 28 
24 16 
27 12 
31 10 
42 5.8 














Table 5 and Figure 5 show the total residue less the 
metabolites on the leaves, bark, cane, and fruit from 
initial application until harvest. The day azinphosmethyl 
and ethion were applied, the average residue level was 
626 ppm and after 14 days the sum of the residue in 
the plant dropped to about 300 ppm. On this day, 
phosalone was applied and the total residue rose to an 
average level of 688 ppm. Just prior to the naled ap- 
plication 14 days later, the residue level should have 
reached a level of about 350 ppm, according to projec- 
tion from the graph. The naled application did not have 
a great effect on the total residue after the first day 
following application because of its rapid decay in most 
tissues. Perhaps the most significant fact displayed by 
this graph is the level of residue at or near time of 
harvest. This level approached nearly 300 ppm, about 


TABLE 5. Averages (ppm) of all four insecticides from 


initial application to harvest 





Days: 
INITIAL 
APPLICATION 
(pay 0) 
TO HARVEST 


TOTAL 
APPLI- 


LEAVES BaRK CANE CATION 


FIRST APPLICATION 
547 61 62 
439 60 514 
60 483 
335 53 398 
56 : 306 


SECOND APPLICATION 


166 21 
154 20 
105 21 
100 16 
119 17 


THIRD APPLICATION 


144 22 494 
126 15 12 376 
102 17 14 369 

85 14 4.4 278 


FRUIT | 
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one half the initial and total deposit of azinphosmethyl 
and ethion, and one third the highest residue level found 
on any one sample at any given time. Even though this 
residue level is high, it likely does not reflect the total 
measure of hazard to which an agricultural worker is 
exposed because a considerable portion of these mate- 
rials were found in the bark and cane and, as mentioned 
previously, may not present an immediate hazard. This 
aspect of pesticide residue in such tissues needs to be 
considered in a worker-safety study. Studies should also 
be conducted to ascertain whether the high residues 
found in corklike tissue are, like leaf tissues, a potential 
hazard and, if so, in what manner and to what degree 
an individual would be exposed to them. 
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APPENDIX 


Chemical Names of Compounds Discussed in This Issue 





ALDRIN 
AROCLOR 1260 


AZINPHOSMETHYL 
(Guthion®) 


BHC (Benzene 
Hexachloride) 


CHLORDANE 


DCPA (Dacthal®) 
DDD 
DDE 


DDVP 
DIBROM 
DICHLORVOS 
DIELDRIN 


ENDRIN 

ETHION 
GUTHION 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
LINDANE 
METHOXYCHLOR 
MIREX 

NALED 
NONACHLOR 
PHOSALONE 


POLYCHLORINATED 
BIPHENYLS (PCB’s) 


RESMETHRIN 
TDE (DDD) 
TOXAPHENE 


ZOLONE 








Not less than 95% of 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1 ,4-endo-exo-5 ,8-dimethanonaphthalene 





| PCB, approximately 60% chlorine 


0,0-dimethyl S[4-oxo-1,2,3-benzotriazin-3 (4H ) ylmethyl] phosphorodithioate 
1,2,3,4,5,6-hexachlorocyclohexane (mixture of isomers). Commercial product contains several isomers of which 
gamma is most active as an insecticide. 


1,2,3,5,6,7,8,8-octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methanoindene. The technical product is a mixture of sev- 
eral compounds, including heptachlor, chlordene, and two isomeric forms of chlordane. 


Dimethyl-tetrachloroterephthalate 


| See TDE. 


Dichlorodipheny! dichloro ethylene. (Degradation product of DDT.) 
Main component: 1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene 
0,p’-DDE _1,1-dichloro-2-(o0-chlorophenyl] )-2-(p-chlorophenyl) ethylene 
p,p’-DDE _1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene 


(1-chloro-2,2-bis[ p-chlorophenyl ethylene ) 


@-bis( p-chloropheny]) B,B,B-trichloroethane. Numerous isomers in addition to p,p’-DDT are possible, and some 
are present in the commercial product. 
o,p'-DDT [1,1,1-trichloro-2-(o-chloropheny] )-2-( p-chloropheny!) ethane] 


| See dichlorvos. 


See naled. 
2,2-dichloroviny! dimethyl phosphate 


| Not less than 85% of 1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1 ,4-endo-exo-5 ,8-dimethano— 


naphthalene 


1,2,3,4,10,10-hexachloro-6,7-epoxy-1 ,4,4a,5,6,7,8,8a-octahydro-1 ,4-endo-endo-5 ,8-dimethanonaphthalene 


| 0,0,0’,0’-tetraethyl S,S’-methylene bisphosphorodithioate 


See azinphosmethyl. 





1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahydro-4,7-endo th ind 





1,4,5,6,7,8,8-heptachloro 2,3-epoxy-3a,4,7,7a-tetrahydro-4,7-methanoindane 

Gamma isomer of benzene hexachloride (1,2,3,4,5,6-hexachlorocyclohexane) of 99+ % purity 
1,1,1-trichloro-2,2-bis(p-methoxyphenyl) ethane 

Dodecachlorooctahydro-1,3 ,4-metheno-1H-cyclobuta[cd]pentaiene 
1,2-dibromo-2,2-dichloroethyl dimethyl phosphate 

Component of commercial quality chlordane 

0,0-diethyl S-(6-chloro-2-oxo-benzoxazolin-3-yl) methyl phosphorodithioate 


Mixtures of chlorinated biphenyl compounds having various percentages of chlorine 


(5-benzyl-3-furyl methyl 2,2-dimethyl-3-(2-methylpropenyl ) cyclopropanecarboxylate 


2,2-Bis (p-chloropheny])-1,1-dichloroethane (including isomers and dehydrochlorination products) 


Chlorinated camphene (67-69% chlorine); product is a mixture of polychlor bicyclic terpenes with chlorinated 


camphenes predominating 


See phosalone. 
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PESTICIDES MONITORING JOURNAL, Volume 7, 
Number 1. In the paper “Pesticide Residues in Natural 
Fish Populations of the Smoky Hill River of Western 
Kansas—1967-69,” page 56, right column, third para- 
graph, second sentence, should read, “Dieldrin was 


ERRATA 


detected in a small percentage (15%) of the samples; 
most of these had only trace (<0.01 ppm) amounts.” 
In Table 4 of the same paper, sample numbers and 
dieldrin residues for Station 5 were misquoted. Correct 
values for Station 5 appear below: 


TABLE 4.—Pesticide residues in fish and fish tissues from the Smoky Hill River, Kansas—1967-69—Continued 
{T 


= <0.01 PPM] 





SPECIES 








NUMBER OF TIMES DETECTED AND RANGE ( 
DETECTED 


RESIDUES 2:3 


) IN PPM OF 











HEPTACHLOR 
EPOXIDE 


o,p fo 
DDT 





P,p’- 
DDT 


| 


P,p’- 
DDE 


P.p’- 
| DDD 





STATION 5 





Stoneroller 

Red shiner 

Plains 

Green 
sunfish 

Carp 

River 


carpsucker 


Channel 
catfish 


Carp 


River 
carpsucker 





Whole 
body 


Whole 
body 


Whole 
body 


Whole 
body 
Flesh 
Flesh 
Flesh 
Testes 
Ovaries 


Testes 


Ovaries 








1 
(T) 
1 
(T) 





0 


0 





0 





0 


0 





8 
(T-.09) 
8 
(.01-.04) 
4 
(T-.01) 
5 
(T-.03) 


2 
(.01) 


1 
(.01) 

5 
(T-.02) 
4 
(.01-.07) 
3 
(.01-.02) 


1 
(.01) 


1 
(.01) 


0 


0 








1 For whole body analysis, individuals of one species from one station were pooled to make one sample. The sample of flesh consisted of a 


pooling of equal weights of flesh taken from each individual of one species; g 
> Wet-weight basis. 





were 


ted similarly, keeping sexes separate. 


3 Endrin, aldrin, and heptachlor residues were all zero values. 


PESTICIDES MONITORING JOURNAL, Volume 7, 
Number 3/4. In the paper “Surveys of Mercury Levels 


in Fish and Other Foods,” page 131, left column, last 
line, should read “ppm total mercury in the whole fish.” 


VoL. 8, No. 1, JUNE 1974 





Information for Contributors 


The PEsticiDES MONITORING JOURNAL welcomes from 
all sources qualified data and interpretive information 
which contribute to the understanding and evaluation of 
pesticides and their residues in relation to man and his 
environment. 


The publication is distributed principally to scientists 
and technicians associated with pesticide monitoring, 
research, and other programs concerned with the fate 
of pesticides following their application. Additional 
circulation is maintained for persons with related in- 
terests, notably those in the agricultural, chemical manu- 
facturing, and food processing industries; medical and 
public health workers; and conservationists. Authors are 
responsible for the accuracy and validity of their data 
and interpretations, including tables, charts, and refer- 
ences. Accuracy, reliability, and limitations of the sam- 
pling and analytical methods employed must be clearly 
demonstrated through the use of appropriate procedures, 
such as recovery experiments at appropriate levels, 
confirmatory tests, internal standards, and inter-labora- 
tory checks. The procedure employed should be ref- 
erenced or outlined in brief form, and crucial points 
or modifications should be noted. Check or control 
samples should be employed where possible, and the 
sensitivity of the method should be given, particularly 
when very low levels of pesticides are being reported. 
Specific note should be made regarding correction of 
data for percent recoveries. 


Preparation of manuscripts should be in con- 
formance to the CBE StyLE MANUAL, 3d ed. Coun- 
cil of Biological Editors, Committee on Form and 
Style, American Institute of Biological Sciences, 
Washington, D. C.,and/or the STYLE MANUAL of 
The United States Government Printing Office. 
An abstract (not to exceed 200 words) should 
accompany each manuscript submitted. 

——All material should be submitted in duplicate 
(original and one carbon) and sent by first-class 
mail in flat form—not folded or rolled. 

——Manuscripts should be typed on 8% x 11 inch 
paper with generous margins on all sides, and each 
page should end with a completed paragraph. 

——All copy, including tables and references, should 
be double spaced, and all pages should be num- 
bered. The first page of the manuscript must con- 
tain authors’ full names listed under the title, with 
affiliations, and addresses footnoted below. 

——Charts, illustrations, and tables, properly titled, 
should be appended at the end of the article with 
a notation in text to show where they should be 
inserted. 


#u. $s. GOVERNMENT PRINTING OFFICE: 1974—747-407/4 


——Charts should be drawn so the numbers and texts 
will be legible when considerably reduced for 
publication. All drawings should be done in black 
ink on plain white paper. 

——Photographs should be made on glossy paper. 
Details should be clear, but size is not important. 


The “number system” should be used for litera- 
ture citations in the text. List references in the 
order in which they are cited in the text, giving 
name of author/s/, year, full title of article, exact 
name of periodical, volume, and inclusive pages. 


The Journal also welcomes “brief” papers reporting 
monitoring data of a preliminary nature or studies of 
limited scope. A section entitled Briefs will be included, 
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